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PREFACE 


I obtained the idea of my subject in 1946 while I was working 
at Kronprinsessan Lovisa’s Children’s Hospital in Stockholm. I 
am greatly indebted to its Head, Professor A. Lichtenstein, for his 
encouraging advice during the initial stages of my study, as well as 
for his valuable criticism and corrections while this thesis was in 
preparation. 

The work was mainly carried out at the Children’s Clinic of the 
University of Helsinki. I wish to avail myself of this opportunity to 
express my admiration for and gratitude to its Head, Professor 
Arvo Ylppé, to whose ardent devotion in the cause of science this 
work owes its existence. His unfailing interest and numerous valuable 
suggestions have been of the utmost importance to me. 

I am also particularly indebted to Dr. C-E. Raiha for all the 
help and advice received while the study was in progress. 

My sincere thanks are due to Dr. N. Hallman who has read and 
criticised my work. 

I wish to express my deep appreciation to my assistant of long 
standing, Miss Ulla Fagerholm, who has performed the main part 
of the glucose estimations. 

Finally I thank Mrs. E. Hardén for her English translation of 
my study. 

My work was made possible by the technical help I received 
from the Research Foundation for Children’s Diseases. 


Helsinki, in December 1949. 
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Introduction 


The blood sugar regulation is one of the most investigated sec- 
tions of Physiology. Especially in recent times many decisive new 
facts have been discovered. Thus C. F. and G. T. Cori have succeeded 
in explaining almost completely the mechanism of the insulin action. 
What we know about the blood sugar regulating factors of the 
anterior pituitary gland, we owe mostly to Young and Himsworth. 
Houssey has entirely subverted our knowledge about the mutual 
relations of the anterior pituitary gland and the pancreas; Long 
and Lukens have similarly meditied our knowledge of the relations 
between the anterior pituitary gland and the adrenals. Soskin has 
founded a school of his own in this branch and has in many res- 
pects had a revolutionary influence upon our conception of dia- 
betes. 

However, many questions still remain. One of these is Hims- 
worth’s insulin kinase theory which has by no means been proved 
false though it is not necessarily needed to explain the variations 
of the sugar tolerance. Similarly we do not know whether there 
are any more hormones regulating blood sugar or substances affect- 
ing these hormones or reflexes of the nervous system in addition 
to those of which we already have knowledge. 

One of the most interesting phenomena associated with the 
regulation of blood sugar is the so called Staub effect. Different 
theories have been advanced concerning the appearance of this 
phenomenon. They all are based on the assumption that the eleva- 
tion of the blood sugar level catalyses its elimination. 

While examining in 1946 by means of intra-venous glucose 
injections, the glucose tolerance of healthy children and of those 
suffering from coeliac disease, I noticed that the Staub effect was 
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not manifested in the method I used. Instead it appeared in 
tolerance tests applied by the mouth, although in that case the 
blood sugar rose much less. This did not seem to be consisten| 
with the prevailing theory, according to which the Staub effec! 
is due to the elevation of the blood sugar. The question therefore 
arose whether there is, in addition to the increased blood sugar, 
also some other agent accelerating its decrease and appearing 
while the glucose is being absorbed by the intestine or passin 
through the portal circulation. Such a possibility also suggest 
itself when one is reading of the agent contained in secretin an: 
promoting hypoglycaemia, the existence of which has been bot! 
supported and questioned with equal frequency ever since th 
discovery of secretin. 

The aim of my research is to throw some light on this question 
by examining the Staub effect in children in double toleranc: 
tests with peroral and intra-venous application. 

Bang was the first to find in 1913 that if two successive glucose 
tolerance tests are performed, the second results in a slighter ris: 
of the blood sugar than the first. This phenomenon was investigated 
again in 1919 by Hamman and Hirscuman and in 1921 —22 by 
StauB and Traucotr who explained it so that the hepatic cells 
have a greater capacity to absorb the glucose from the blood 
during the second test. 

This »Bahnung» of the intermediary carbohydrate metabolism, 
which also appears in adults if glucose is introduced by two intra- 
venous injections, has been subsequently explained in different 
ways. To clarify the various theories, I shall attempt to give below 
a short review of our present-day knowledge concerning the blood 
sugar regulation, with special consideration of the agents affecting 
the glucose tolerance curve, in particular of such mechanisms, if 
any, which may be involved in the appearance of the Staub effect. 
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Glucose absorption from the intestine. 


Carbohydrates are absorbed as monosaccharides. According 
to the modern opinion, a small part of the absorption takes place 
by osmosis, but is chiefly brought about by the activity of the intes- 
tinal wall in such a way, that in the luminal end of the cell the hexose 
molecule is combined with phosphoric acid to form an ester, and 
at the basal end of the cell this compound is broken up and the 
hexose molecule passes through the capillary wall into the blood. 
The mechanism has not yet been fully elucidated; it appears 
however that the phosphoric acid »transports» the glucose mole- 
cule through the cell of the intestinal wall. The velocity of the glu- 
cose absorption in man is not fully known, but it is assumed that 
the maximal velocity is approximately 2 g/min., and the absorp- 
tion velocity independent of the quantity administered, at any 
rate if it is 1 g/kg or more (LUNDSGAARD 1948). 


Blood sugar regulation. 
Liver. 


The importance of the liver to the blood sugar regulation was 
already suspected by CLauDE BERNARD in 1850. In the fasting animal 
the liver is the sole source of blood sugar. (MANN in 1927, Soskin 
in 1927, 1941). After hepatectomy the blood sugar falls abruptly 
and the test animal dies of hypoglycaemic convulsions. Naturally 
there is still glycogen in the muscles also after the removal of the 
liver, but it cannot be converted into glucose. Epinephrine does 
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not prevent the fall of the blood sugar after hepatectomy, (Sosk1n in 
1927) nor do the extracts of the anterior pituitary gland (Houssay 
in 1936). Thus, during fasting time, the liver continues to secrete 
glucose into the blood. If on the other hand glucose is absorbed 
from the intestine or administered parenterally, this secretion sto))s 
and the liver begins to store glucose instead. Soskin, Essrx, 
Herrick and Mann obtained in 1938 a better knowledge of this 
regulatory activity of the liver. They injected glucose intra-venous!y 
into the dog and determined its amount in the portal and tie 
hepatic vein both at the time of injecting and after it. They noticed 
that the liver, which before the injection had secreted glucose 
into the blood, began already at the time of the injection to absorb 
it strongly from the blood, until normal blood sugar values were 
again restored. After that the liver neither absorbed nor secreted 
any glucose for approximately one hour. During this time thie 
sugar content of capillary blood fell below normal (consecutive 
hypoglycaemia), since extrahepatic tissues naturally used up 
glucose; hypoglycaemia disappeared first after the liver began 
again to secrete glucose into the blood. (Fig. page 50). A similar 
experiment was performed by CHerry and CRANDALL in 1937 by 
administering glucose to the dog by the mouth. 

This regulatory activity of the liver is of course undisturbed 
only as long as the normal endocrine balance prevails, but it can 
evidently function fairly independently as well, emancipated to a 
great extent at least from the pancreas and the pituitary gland, 
since a dog with both these organs removed, yields normal glucose 
tolerance curves, apart from their having a higher starting point 
than in the normal dog (Sosk1n, Mirsky, ZIMMERMAN and HELLER, 
in 1935—36). If the liver of the healthy dog begins storing glucose 
when the blood sugar surpasses 0.1%, in such a »Houssay-dog» 
the same regulation begins to function only at a much higher blood 
sugar level. The great importance of this hepatic regulation mecha- 
nism is also demonstrated by the circumstance that if the liver is 
removed and the blood sugar subsequently maintained on the nor- 
mal level by hourly infusing into the animal about 0.25 g glucose 
per kg of body weight, this quantity being used up by the tissues, 
a diabetic glucose tolerance curve is obtained (Soskin, ALLWEISS 
and Coun in 1934). Therefore, extrahepatic tissues are unable 
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even when a normal endocrine balance prevails — to compen- 
sate for the glucose absorbing capacity of the liver. 

This capacity of the liver to retain sugar from the blood is the 
greater, the higher the blood sugar level. In the same way, the for- 
mation of glycogen in the liver is the more accelerated, the higher 
the blood sugar elevation. The quantity of the glycogen formed is 
more dependent on the blood sugar level itself than on the glucose 
quantity administered (Corr and Cort in 1929). 


Extrahepatic tissues. 


The role played by the extrahepatic tissues in the blood sugar 
regulation is much smaller than that of the liver. While a high 
hyperglycaemia is prevailing, the glucose is naturally being dif- 
fused into the extracellular fluid, so that its sugar concentration 
finally becomes identical with that of the blood. Yet this is, partly 
at least, a passive process, through the osmosis, in contradistinction 
to the liver whose regulation is active and where the sugar concen- 
tration at the end of the infusion can be much higher than in the 
blood. However, the significance of extrahepatic tissues, particularly 
the muscles, in the blood sugar regulation is not only confined to 
the glucose diffusion into them, i.e. to their activity of storing 
sugar. It has been demonstrated in fact (Soskin and LEVINE in 
1937) that the sugar utilisation of an eviscerated dog improves 
with the elevation of the blood sugar level. Likewise HEcHTER, 
LeviNE and Soskin found in 1941 in vitro that the formation of 
: glycogen in muscles is directly comparable to the sugar concentra- 
\ tion. It has been said already that glycogen in the muscles cannot be 
directly converted into blood sugar. This is an indirect process by 
way of the lactic acid, which is again synthetised to glycogen in 
the liver, but the whole proceeding takes such a long time, that 
it cannot be of any great significance for the regulation of blood 
sugar under normal conditions. 


The significance of the endocrine glands in the blood sugar regu- 
lation may by summarised as follows: 
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Pancreas. 


The effect of insulin has been examined: 


1. in vitro 

2. by injecting it into depancreatised animals and diabetics 

3. by injections into healthy individuals 

In vitro tests were performed by e.g. HecuTer, LEVINE an 
Soskin in 1941. They were able to demonstrate that insulin in 


creased the glycogen level in muscles while the medium glucos: 
concentration was low, but the higher the medium concentration 


the easier the formation of glycogen also without the help of insu- 


lin, and at a glucose level of 0.4%, insulin did not promote anymor 
the muscular capacity of glycogen formation. 

It could not be proved by means of perfusion tests that insulin 
had any effect on the glycogen formation in the liver. 

When injected into man or animals, insulin always brings abou! 
hypoglycaemia, also if hepatectomy had been previously per- 
formed on the animal and a spontaneous fall of the blood sugai 
level prevented by constant glucose infusions (MANN and MaGatu 
in 1923). It appears evident that insulin has a direct effect on th 
tissues, so that they absorb the sugar from the blood more rapidly. 
This was also proved by SoskIn and Levine in 1937 and 1940 in 
both depancreatised and non-depancreatised dogs on whom hepat- 
ectomy had been performed. Insulin affects the liver in such a 
way that the hepatic secretion of sugar into the blood decreases, 
as shown by von Issekutz and SzENDE in 1934, Best in 1934 and 
Soskin in 1940. 

The insulin hypoglycaemia is therefore due to two main pheno- 
mena — an increase of the tissular capacity to absorb glucose, 
and a decrease of the hepatic secretion of the sugar. 

It must be borne in mind that the effect of hypoglycaemia on 
the glycogen formation, the sugar utilisation and the glyconeogene- 
sis is opposite to that of insulin, and therefore hypoglycaemia due 
to insulin can wholly or partly eliminate the insulin effect in this 
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respect. Furthermore, hypoglycaemia promotes the secretion of 
the antihormones of insulin — epinephrine and the sugar hormones 
of the anterior pituitary gland. 

As evidenced by the in vitro test reported above, the formation 


of glycogen is possible also without insulin, provided the glucose 
concentration is high enough. Masor and MAnn_ in 1932, demon- 
strated this on a depancreatised dog who was, five days after 
withdrawal of insulin, capable of forming glycogen in both skeletal 
muscle and liver, although at a rate far below that of a normal 
dog. 

There is much controversy as to whether insulin helps to oxi- 
dise the glucose. The »non utilisation theory» advanced by MIn- 
KoWSKI, which was the sole prevailing until recent times, con- 
sidered that the oxidation of glucose in diabetes was entirely inhi- 
bited without insulin. The modern opinion, especially propounded 
by Soskin — the »overproduction theory» — is based on the 
assumption that a diabetic has a combustion of glucose similar 
to or higher than the normal individual, but in the absence of insu- 
lin, there is an increased glyconeogenesis. 

Since hepatectomy performed on depancreatised animals 
causes a fall of the blood sugar and death from hypoglycaemia, 
in exactly the same way as when normal animals are subjected 
to hepatectomy (MANN and MaGatu in 1923), it appears that a 
diabetic’s tissues are using up the glucose; although, strictly speak- 
ing, the passing of glucose from the blood into the muscles need not 
necessarily mean that it undergoes combustion there. Yet Soskin 
and Levine were able to show in 1937 that a depancreatised dog 
utilises glucose also without insulin, and that the utilisation is 
directly comparable to the blood sugar elevation, exactly as in 
healthy animals. »Within a wide range of blood sugar values the 
diabetic dog utilizes less sugar than does the normal dog at any 
particular blood sugar level. But, above certain high levels this 
difference disappears and both types of animals use the same 
amounts of carbohydrate at the same blood sugar levels.» 

The absence of insulin has a deteriorating effect on the utilisat- 
ion, but it is compensated by the rise of the blood sugar. Lunps- 
GAARD says as well in his textbook on physiology 1948/p. 450: »It 
should be understood that one can very well assume the carbo- 
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hydrate combustion to be inhibited, and still take into account the 
the carbohydrate combustion proceeds in its normal value in th. 
extrahepatic tissues of a diabetic organism.» 

A diabetic who is not administered insulin, excretes abnorn 
ally large amounts of nitrogen in the urine (Lusk, MacLeop 
The in vitro work of Bacn and Hoimes in 1937 supports th 
assumption that insulin has a proteinpreserving effect on the di: 
betic organism: glyconeogenesis diminishes under the influence 
insulin. 


According to the above, insulin affects the diabetic as follow 


1. Accelerates the formation of glycogen in muscles and liv: 
and prevents glycogenolysis in the liver. This occurs despite t! 
fall of blood sugar. 

2. Prevents glyconeogenesis from proteins, also irrespective 
the fall of blood sugar. 

3. Promotes utilisation, if the blood sugar is maintained at 4 
high level. 


It seems that insulin administered to healthy individuals has a 
lesser influence on the above-mentione processes. 

According to Bopo and Neuwirru in 1933, Cori in 1925 and 
1929, insulin reduces the glycogen amount in the liver of a healthy 
animal. 

In the normal animal, the effect of insulin is to increase glycogen 
in the muscles. (CRUICKSHANK and Startup in 1933). 

Unreliable and contradictory results have been obtained on the 
effect of insulin on the protein metabolism in normal animals. It 
seems however that the amino acid concentration in the blood 
decreases under the influence of insulin (KERR and Krikorian 
in 1929), but this does not occur in absence of the adrenal medulla 
(Luck and Morse in 1933). Therefore this insulin effect is probably 
due to the epinephrine secretion produced by insulin hypoglycae- 
mia. 

There are several works, according to which insulin promotes 
the oxidation of carbohydrates in the normal individual (Besr, 
Dae, Hoet and Marks in 1926, WirerRzucHOwsKI in 1931, Cori 
in 1931). 
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SosKIN and Levine performed carbohydrate balance tests after 
insulin administration in 1937 and 1940 by registering the decrease 
of the total carbohydrate amount in the experimental animal 
during the test, also taking into account the formation of sugar 
by the liver. They arrived at the result that insulin does not increase 
the rate of utilisation in normal animals, even if a fall of the blood 
sugar level is prevented by glucose infusions. 

To summarise, it can be said therefore of the insulin effect on 
the normal: 


1. Insulin accelerates the formation of glycogen in the muscles. 
Does not affect the glycogen formation in the liver, or reduces 
it even if the blood sugar level is not allowed to fall. 

2. Possibly decreases glyconeogenesis. 

3. The question whether insulin promotes utilization, is not 
yet definitely settled. 


Soskin’s theory would signify that a normal animal has an 
amount of insulin in its organism which is optimal from the point of 
view of sugar utilisation and of protein metabolism, and therefore 
additional insulin only promotes the storing-up. 


The regulation of insulin secretion. 


Pecause the blood sugar level begins to rise immediately after 
pancreatectomy, there must be a continous secretion of insulin 
from the pancreas. This is further evident from the circumstance 
that a prolonged constant insulin infusion is necessary to maintain 
a normal blood sugar level in a depancreatised dog also when it is 
fasting (Soskin and Attwerss in 1934). Without this insulin 
infusion its glucose tolerance curve becomes diabetic, but a 
constant infusion suffices to keep it normal, even to produce a 
Staub effect (Soskin, ALLWEIss and Coun in 1934). 


Therefore, even if additional insulin is not necessary to produce 
a normal glucose tolerance curve and Staub effect, it yet appears 
certain that the secretion of insulin is heightened during hyper- 
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glycaemia or after the injection of carbohydrates (Foster ; 
1923, Straus 1926, GrRAFE and MEYTHALER 1927—8, Houssay 
1937). 

On the other hand, it seems in the light of Himswortu’s ex) .- 
riments in 1935—36 that the intensity of a basal insulin secretion 
between meals is independent of the diet. 

Difference of opinion has been prevailing whether hyperg'y- 
caemia stimulates the pancreas directly or whether its effect js 
transmitted by the autonomic nervous system, or if both these 
mechanisms are responsible. 

MINKOwskKI's and HEpon’s transplantation experiments have 
proved conclusively that the nervous system is at least not 
absolute:y necessary for the normal insulin secretion. They removed 
the pancreas from their experimental animal and transplanted 
it under its skin in such a way that the blood vessels alone 
connected the organ with the animal. The dog did not develop 
diabetes. 

Houssay in 1937 is also of the opinion that the insulin secre- 
tion is essentially humoral, since pancreatic denervation reduces thie 
tolerance but slightly and since the pancreas grafted into the neck 
functions normally without extrinsic nerves. Grafting the pancreas 
was performed in such a way that the pancreaticoduodenal artery 
is connected with the carotid artery, and the pancreatic vein with 
the jugular vein. Yet the nervous system plays some part in the 
insulin secretion since, when the pancreas is denervated, the intra- 
venous glucose tolerance curve is somewhat slower and hypogly- 
caemia subsequent to the insulin injection is a little slower to 
disappear than normally. Therefore, according to Houssay, the 
vagus is cooperating with the humoral mechanism, increasing the 
secretion of insulin during the hyperglycaemia and decreasing 
during the hypoglycemia. But the humoral mechanism is the essen- 
tial. 

Another argument in favour of chiefly the humoral mechanism 
is the observation that if 3 pancreases are transplanted into a nor- 
mal dog, one into the neck and two into the inguinal folds — the 
blood sugar remains unchanged (Houssay 1937). They therefore 
regulate their secretion so, that they jointly secrete the same amount 
of insulin as one pancreas of the normal dog. 


17 


The following test performed by GrAFE and MEYTHALER in 
1927 and 1928 also points in the same direction. If glucose is in- 
jected into the pancreaticoduodenal artery, hypoglycaemia is the 
result, in contradistinction to the effect, if glucose is injected 
into any other artery. The glucose has therefore stimulated the 
pancreatic insulin production. 

Zunz and La Barre have attempted to prove by performing 
vein anastomosis (pancreaticojugularis) between two or three dogs, 
preserving the vagus in one experiment and cutting it in the other, 
that the regulation of insulin secretion occurs mainly through the 
vagus. 

GAYET in 1929 repeated this test of ZuNz and La Barre and 
obtained quite a different result. He was unable to observe any 
stimulating effect of the vagi on the insulin secretion. 

It appears as if the humoral mechanism had been conclusively 
proved in the regulation of the insulin secretion. This is probably 
the most important mechanism and is sufficient in itself to 
regulate the normal sugar metabolism. 

GAYET entirely denies the existence of the nervous mechanism. 
It seems however that this is venturing too far in the light of those 
numerous experimental researches, according to which vagal stimu- 
lation produces hypoglycaemia. Soskin is of the opinion that 
»vagal stimulation of extra insulin secretion acts as a restraining 
counter-regulation in limiting the hyperglycaemic effects of the 
adrenal medulla and the sympathetic nervous system.» 


Latency period of insulin, 


An intra-venous insulin injection is followed by a period of 
latency of about 2 to 10 minutes. The blood sugar begins to fall 
only after the lapse of this time. The difference of the sugar con- 
centration prevailing in the arterial and venous blood, the so- 
called arterio-venous difference, remains constant during this time 
as well, after which it increases as a mark of the peripheral tissues 
having begun to absorb the sugar from the blood with greater velo- 
city. 
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The latency period can be imagined, according to Himswortx 
in 1933—34 to be due to the following causes: 


1. The insulin attains within this time its site of influence in 
the tissues. 

2. The insulin is inactive when it is being injected and als» 
when it reaches the tissues. This may be due to the tissues contain- 
ing some agent with which the insulin must form a compouni 
before it becomes active (1934). 

3. The tissues contain something inhibiting the effect of insulin 
until the latter has neutralised it (1938). 


According to Himswortn, the first possibility is not very 
probable, since the blood circulation time is about 2 minutes, th 
latency period however often being 8 to 10 min. If the latency 
period were due to the penetration of the cells by insulin, it ought 
to be shortened if additional insulin is administered. Yet the latency 
period is independent of the dose. If insulin has to pass through 
the liver, it is inconceivable that insulin should function without! 
the liver. 

It therefore appears probable, in accordance with Himswor7n, 
that the period of latency is due to the organism being insensitive 
to insulin during the first minutes (possibilities 2 or 3). 


Sensitivity to insulin, 


It is well known that the sensitivity of the organism to insulin 
varies greatly. The effect of insulin is much stronger after a diet 
rich in carbohydrates than after a diet deficient in them (Hims- 
WORTH in 1934). Moreover, the latency period is shortened up to 
2 minutes by a diet rich in carbohydrates. Similarly to the effect of 
this diet, administration of glucose also intensifies the sensitivity to 
insulin. Himsworrtu injected intravenously 1 gr glucose into the dog 
4 times at an interval of 35 minutes and the insulin tolerance 
test was performed 40 minutes after the blood sugar had gone back 
to normal subsequent to the last injection. It was observed that the 
period of latency had been shortened and hypoglycaemia was 
stronger than in the insulin tolerance test made before the glucose 
injections. 
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Fasting has the same effect as a diet deficient in carbohydrates, 
i.e. it reduces the sensitivity to insulin (Tirso in 1925). 

In the same way as the diet, the actual elevation of the blood 
sugar level also affects the sensitivity to insulin: the higher the 
blood sugar level, the greater the sensitivity to insulin. Very much 
more insulin would be required to lower the blood sugar from 50 
to 40 mg % than from 90 to 80 mg % (Himswonrrn in 1932, 
1933—34). 

The same factors which affect the sensitivity to insulin, also 
affect the sugar tolerance. ADLERSBERG and Porces in 1926, 
noticed that a diet rich in carbohydrates increased the glucose 
tolerance and vice versa. SWEENEY in 1927, observed that fasting 
and fatty diet reduce the tolerance, carbohydrate diet improves 
it and the effect of proteins lies in between. Himswortu observed 
in 1935—36 that if the proportion of carbohydrates and fats in 
the diet remained constant and the amounts of both were in- 
creased, the glucose tolerance improved. If, on the other hand, the 
amount of fat was increased while the carbohydrates remained 
unchanged, the tolerance persisted as before. Therefore he main- 
tains that glucose tolerance is solely dependent on the absolute 
carbohydrate amounts contained in the diet. C. W. Ross in 1936— 
37 also supports this opinion. The correlation between the glucose 
tolerance and the insulin sensitivity was studied by HimswortH 
in the following way: 7 diets of 50—500 gr carbohydrates per day 
were administered, each for a time of one week. At the end of 
each week the sensitivity to insulin was determined from the area 
of the insulin tolerance curve, and on the following day — the glu- 
cose tolerance from the area of the peroral glucose tolerance curve. 
The amount of proteins and calories remained unchanged for the 
whole time, the fat amount was accordingly reduced. He observed 
that the glucose tolerance and the sensitivity to insulin rose to 
exactly the same level. From this he draws the conclusion that the 
same sugar dose has produced an equal amount of insulin during 
each diet. Since, if the insulin secretion had increased on a diet 
rich in carbohydrates, this increased secretion plus the heightened 
sensitivity would have caused together a greater rise of the sugar 
tolerance than of the sensitivity to insulin. 
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Therefore, according to Himswortn, the carbohydrate dict 
continually intensifies the sensitivity to insulin, but it increa:., 
its secretion only for. the -period of hyperglycaemia. On ii 
disappearance of hyperglycaemia, the insulin secretion ag:in 
resumes the same speed as before, and the speed of secretion is 
independent of the diet. 


We do not yet know certain what causes the sensitisation to 
insulin in the organism. As already said on p. 18, two possibilil ‘es 
can be considered: 

1. To exercise its effect, insulin needs some other agent, an 
activator. This may be generated in the liver when the sugar is 
being introduced into the organism either the enteral or the par: n- 
teral way. 

2. Some agent, the »inhihitor», prevents the effect of insu in. 
This substance would decrease under the conditions named. 

As an argument for the first possibility H1imswortn repor'ed 
in 1933 the circumstance that increasing the dose of insulin above 
a certain maximum does not accelerate the manifestation of inswiin 
activity. »This is explained on the grounds that the amount of 
active insulin produced per unit of time is limited by the concen- 
tration of the activator present in the tissues, any excess of insulin 
remaining temporarily outside of the scope of the reaction. The 
maximal dose of insulin is the amount required to bring into action 
all the activator present in the tissues». 

The sensitivity to insulin did not rise after the insulin admi- 
nistration, contrary to what happens after the glucose administra- 
tion. Himswortu in 1933—34, draws the conclusion that the stimu- 
lation required to produce insulin kinase is hyperglycaemia. Another 
circumstance speaking perhaps for the activator theory is that the 
insulin effect continues as before immediately after the removal 
of the liver, but this effect stops after the lapse of 6—8 hours 
(MarkovitTz, MANN and BoLtMann in 1929), i.e. the insulin activator 
decreases with the decrease of hepatic tissue. A further support 
for the insulin activator is provided by the reduced sensitivity to 
insulin during disorders of the liver, whereas this sensitivity in- 
creases during the period of regeneration (ALTHAUSEN and THOENES 
in 1932). 
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The activator theory can perhaps partly explain also the tests 
reported below concerning the possible réle of the duodenum in 
the carbohydrate metabolism. 

The second possibility, the inhibitor theory, has gained ground 
particularly after YounG’s hypophysis studies. According to it, 
both the latency period and the variations in sensitivity are due to 
some agent inhibiting the insulin effect. The theory concerning 
this is presented in the following paragraph. 


Hypophysis. 


Hypophysectomy produces, beside trophic disorders in other 
glands of internal secretion, also immediate changes in the inter- 
mediary metabolism. The immediate changes are, according to 
Soskin and Leving, the following: 


1. The blood sugar decreases by about 20—30 mg % (SoskIN 
et al. 1935, Houssay 1936). 

2. Fasting rapidly produces a strong fall in the blood sugar 
(SosK1n,. Mirsky, ZIMMERMAN and CroHN in 1935), contrary to the 
state of things in the normal, who can fast for a long time without 
any noteworthy fall in the blood sugar. 

3. The glucose absorption deteriorates. 

4, The nitrogen excretion into the urine decreases (Houssay). 
This is at least partly due to thyroid atrophy. 

5. The basal metabolism is delayed. 

6. The sensitivity to insulin increases. 

7. The serum potassium amount decreases. 

8. The amount of reduced glutatione in the blood, liver and 
muscles decreases (LEVINE, HECHTER, GROSSMAN and SOSKIN in 
1939). 

9. The growth is arrested. 


We have at present no knowledge of all factors, whose absence 
produce the changes referred to above, nor, in many cases, whether 
their effect is direct or through the intermediary of some other 
organ. FRANK in 1949 assumes the following 6 principles: growth 
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hormone, adrenotropic, (JENSEN and GRATTAN in 1940) thyr, 
tropic, lactogenic (FRAENKEL-Conrat in 1943), gonadotropic, 
diabetogenic, one fraction of which could possibly be identical wi:); 
Youna’s glycotropic factor (YouNG in 1938). 

If the pituitary is removed from a dog affected with pancrea‘ ic 
diabetes, (Houssay in 1931 and 1936) it survives for a consideraliy 
longer time without insulin and its glucose tolerance is almost 
normal. According to Soskin, Mirsky, ZIMMERMAN and HELL 
in 1936, the Staub effect is absent in a hypophysectomised dg. 
The Houssay dog is highly sensitive to insulin (Houssay in 1925), 
which proves that the hypophysis contains some factor or factors 
with an effect opposed to that of insulin or inactivating it. Hovs- 
SAY assumes that pituitary secretion stimulates gluconeogenes’s, 
The work of WELLs et al. on rats supports this, but according to 
them, the gluconeogenetic influence of the thyroid gland and of | :e 
adrenal cortex are each partly responsible for the total effect of 
the anterior pituitary. On the other hand, results obtained hy 
FisHER, Russet. and Cort in 1936 are inconsistent with Houssavy’s 
theory. They assume instead that the pituitary gland has an 
inhibitive effect on the oxidation of carbohydrates. 

RussELv in 1938 came to the same conclusion, that the Hovs- 
say dog had a better sugar utilisation than a diabetic animal. This 
is strongly contested by Soskix, Levine and LEHMAN in 1939. 
»It was found that the extrahepatic tissues of hypophysectomised 
dogs utilised sugar at subnormal rates and that the pituitary ex- 
tract did not influence the rate of sugar utilisation by extrahepatic 
tissues of normal dogs.» HimswortuH and Scott in 1938 assumed 
that the glycotropic factor functioned as a peripheral anti-insulin. 
They injected pituitary extract into the hepatectomised dog. It did 
not in any way affect the fall of the blood sugar which always 
occurs after hepatectomy, but it inhibited the influence of insulin 
accelerating this fall. It is claimed by these authors in 1938 that 
hypophysectomy produces a decrease in difference for the glucose 
tolerance between a diet rich in carbohydrates and deficient in 
them, but this difference does not disappear entirely. The Staub 
effect was clearly manifested in their tests on a carbohydrate dict 
although the hypophysis was removed. On a fat diet it was also 
manifested, but not well, whereas in the normal animal it is reversed 
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after a fat diet (HimsworrTH in 1934). A treatment with the glyco- 
tropic factor rendered the Staub effect negative, although the dog 
was kept on a carbohydrate diet. This means that the glycotropic 
factor transformed the Staub effect into what it is in the normal 
dog subsisting on a diet deficient in carbohydrates. This shows, 
according to Himswortu and Scott, that if carbohydrates are cut 
down in the diet, the pituitary gland increases its secretion, thus 
bringing about a diminished glucose tolerance and a weakened 
sensitivity to insulin. Soskin is of the same opinion in 1936. The 
insulin kinase theory would therefore, according to them, become 
superfluous. YounG in 1938 claims that the glycotropic factor 
causes a slight weakening of the tolerance in intravenous glucose 
tolerance tests and makes the intra-venous Staub effect reversed 
in normal rabbits, in the same way as in Himswortn’s and Scott’s 
tests on hypophysectomised rabbits. Similarly to HimswortH and 
Scort, he also assumes that the glycotropic factor directly antagoni- 
ses the action of insulin both in the liver and in the peripheral 
tissues. 

According to Barnes and Drx in 1936, the insulin sensitivity 
of the hypophysectomised animal is due to the glycogen being then 
much more stable than in the normal, and therefore the epinephrine 
secreted in hypoglycaemia does not have any effect (FRANK in 
1949). 

Jacoss in 1938 as well as LEHMAN and SCHLOSSMANN in 1938 
have found that the sulfhydrylgroups (reduced glutatione and the 
protein SH-groups) inactivate insulin. On the other hand, there is 
much less reduced glutatione in the liver of a hypophysectomised 
than of a normal animal (LEvINE, HECHTER, GROSSMAN and SosKIN 
in 1939). Of course, this circumstance also argues in favour of the 
assumption that a heightened sensitivity to insulin is due to a 
delayed inactivation (Soskin and LEvINE in 1946). 

The variations in the insulin sensitivity and the glucose toler- 
ance can be explained, on the basis of the above, to a great extent 
with the help of the hypophysis, but not fully. The specific 
dynamic action of glucose is not due to the pituitary gland — 
Chambers et al. in 1935 have shown that in hypophysectomised 
dogs glucose caused the usual rise of RQ and that after starvation 
these dogs show the same reduced rise of RQ as starving normal 
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dogs. In Himswortn’s opinion, the Staub effect is also indepen- 
dent of the hypophysis, at least partly, whereas, according to Sos- 
KIN, this is due to a diminished pituitary secretion during hype:- 
glycaemia. 


Adrenals. 


1. Adrenal cortex 


If the adrenal cortex is removed, changes are generated in th 
carbohydrate metabolism, which greatly resemble changes su)- 
sequent to hypophysectomy. The removal of the adrenal cortex im- 
proves diabetes in exactly the same way as the removal of the hypo 
physis (Lone and Lukens in 1936). Just asin hypophysectomy, adre- 
nalectomy also produces strong hypoglycaemia during fasting, : 
decrease in the nitrogen excretion and increase in the sensitivity to 
insulin, as well as a weakening of absorption. Different workers 
are fairly unanimous in the opinion that the primary metaboli: 
functions of the adrenal cortex are concerned with hepatic gluco- 
neogenesis (Soskin and Levine in 1946, Kaprerr in 1947). Th: 
assumption that the cortical portion has a glycogen preserving 
influence, is supported by the work of Corey and Brirron in 1941. 
They obtained a strong increase of glycogen in liver perfusion 
tests by adding adrenal cortical extract besides glucose to the 
perfusion fluid. Insulin did not exercise any effect. 

The anterior pituitary partly produces its effect through the 
adrenal cortex, as surmised by WELLs with regard to gluconeogene- 
sis and by Lone and LuKEns with regard to the diabetogenic 
factor. 

Similarly to the state of things in hypopituitarism, according 
to Soskin, the Staub effect often remains non-apparent in in- 
sufficiency of the adrenal cortex as well (KApPERT in 1947). 


2. The adrenal medulla and the sympathetic nervous system. 


A fall in the blood sugar produces a secretion of epinephrine, 
according to CANNON in 1924 if the blood sugar decreases to 70%, 
of the normal. An epinephrine injection causes the blood sugar 
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to rise, due to the breaking-up of glycogen in the liver, and also 
produces a rise of the lactic acid, which results from the break- 
down of muscle glycogen (YounG in 1936). 

Hyperglycaemia due to epinephrine does not accelerate the 
oxidation of glucose (BORNSTEIN in 1921) and, as shown by Cort 
and Cort in 1929, glucose alone produced a greater glycogen form- 
ation than if administered together with epinephrine, although 
the blood sugar was then twice as high. 

According to SoskINn, epinephrine and the sympathetic nerv- 
ous system are not significant for the regulation of the blood sugar. 
They are only an emergency safeguard against hypoglycaemia 
that is too rapid or too severe to be adequately handled by other 
mechanisms. The blood sugar regulation actually remains suffi- 
cient after denervation or destruction of the adrenal medulla as 
well as after total sympathectomy and after the removal of the 
coeliac ganglion (BrouHA, CANNON and Dit in 1939). After these 
operations the glucose tolerance improves and the sensitivity to 
insulin increases somewhat (Takats and CUTHBERT in 1932). 


The thyroid gland 


The réle of the thyroid gland in the glucose tolerance has been 
deprecated, according to MARINE in 1922 for the reason that thy- 
roidectomy has been incompletely performed. 

The thyroid is known to have at least the following effect on 
the carbohydrate metabolism: the thyroid hormone accelerates the 
absorption of glucose and renders the glycogen in the liver less 
stable. Therefore in hyperthyroidism a peroral diabetic glucose 
tolerance curve is found, the curve being low in hypothyroidism. The 
thyroid hormone stimulates glyconeogenesis and it is probable 
that this effect of the pituitary partly occurs through the thyroid 
(Soskin, Levine and HE ter in 1939). In hyperthyroidism the 
carbohydrate utilisation is abnormally rapid, coincident with the 
increased amounts of glucose entering the blood from the gastro- 
intestinal tract and from the liver. 


Surmises on the role of the duodenum in the 
carbohydrate metabolism 


There has been much controversy as to whether it is possible ‘o 
isolate factors reducing the blood sugar also from other organs thin 
the pancreas. Attention was in the first instance directed to t.ie 
duodenum. The first to investigate such an effect of the intestir a] 
mucosa was LomBroso 1924, who was able to induce, by meas 
of intestinal extracts from both a normal and a pancreatectomis:d 
dog a fall in the blood sugar in another dog to below 80% of i ‘ie 
initial value. In 1924 Ivy and FisuHeEr also isolated from the s‘o- 
mach and duodenal mucosa of the pig a substance reducing blood 
sugar, which had a beneficial effect on a diabetic dog. Particularly 
attempts have been made to extract from secretin a factor causing 
hypoglycaemia. 

In 1929 Zunz and La Barre found in the following manner 
that secretin had an influence inducing hypoglycaemia: they per- 
formed a pancreatico-jugular anastomosis between two dogs, by 
connecting the pancreatic vein of one dog with the jugular vein of 
the other. On the injection of secretin into the saphenous vein of 
the donor, the blood sugar of the donor fell somewhat, although 
the main part of the insulin was transferred into the other dog. 
The fall of the recipient’s blood sugar was both stronger and more 
rapid. The last observers came to the conclusion that secretin 
heightens the insulin secretion. 

In 1930 Stix isolated from crude secretin the secretin proper, 
cholecystokinin and the factor producing hypoglycaemia. When 
applied in doses of 10 mg, it reduced within 2 hours the blood 
sugar of the diabetic dog from 330 mg®% to 200 mg%, and for the 
normal dog from 110 mg®% to 63 mg%. This agent cannot be in- 
sulin according to STILL, since it is not destroyed by pepsin and 
trypsin, nor does it necessarily stimulate insulin secretion, as the 
pancreatectomised dog responds to it. Purified secretin does not 
affect the blood sugar (Stitt and SuHpiner in 1930). In 1930 La 
Barre and Stitx obtained identical results. They also checked 
Zunz’s and La Barre’s anastomosis. experiments and found them 
correct. Since jugulo-jugular anastomosis only brings about a slight 
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fall in the blood sugar, they concluded that the secretin effect is 
due to 2 factors at least: 


1. Crude secretin per se reduces blood sugar. 
2. It also increases the insulin secretion. 


In 1934 La Barre and Leprut obtained with »incretin» pre- 
pared by them from secretin the same effect in pancreatico-jugular 
anastomosis as was achieved with secretin. 30 mg incretin per os 
per kg of body weight in 24 hours sufficed to keep a pancreatecto- 
mised dog alive for several months. 

In 1947 Boccniott1, BELLoTTI and LANGLADE isolated from the 
duodenum of birds an agent producing hypoglycaemia, which was 
much more potent than Leprut and La Barre’s incretin. 2—3 
mg per kg of body weight caused in the dog a strong hypoglycae- 
mia within 1—2 hours. It also practically eliminated glycosuria 
in the diabetic dog. 

Yet several authorities absolutely deny that secretin and duo- 
denal extract in general have an effect provoking hypoglycaemia. 
FusimotTo 1918 could not observe any change in the blood sugar 
after secretin administration, nor could MELLANBy in 1928. Further- 
more, Best, JEpHcotr and Scott in 1932 were unable to extract 
the factor producing hypoglycaemia from any extrahepatic tissues, 
and they were of the opinion that all positive results were due to 
technical errors. 

Attempts have also been made to prove that hydrochloric : 
acid from the duodenum decreases the amount of blood sugar. 
Loew, Gray and Ivy in 1939—1940 were unable to observe any 
such effect, nor could they find that its intra-venous application 
improved the utilisation of sugar. In their opinion, all duodenal 
extracts were absolutely ineffective as well. 


| 


Glucose tolerance curve. 


It has. been necessary to discuss all factors influencing t! 
carbohydrate metabolism in order to form a basis for the unde:- 
standing of the so-called auto-regulation of the blood sugar. Ths 
very question was for the first time clearly described and discuss! 
by Pottak in 1923..The blood sugar elevation illustrates in a! 
probability the adequate stimulus regulating the amount of t! 
blood sugar supply from the liver.» According to him, its site «! 
influence was to be found in the liver, the central nervous systei 
or the endocrine glands. We have seen that it is to be found both in 
the liver, the peripheral tissues and the endocrine glands, as we’! 
as to some extent in the central mervous system. The usual blood 
sugar curve is therefore produced — the normal endocrine balance 
prevailing — in such a way that hyperglycaemia directly effects. on 
the one hand, the following processes: 


1. The sugar secretion of the liver into the blood diminishes 
or it begins to absorb sugar. This is followed by: 

2. Acceleration of the glycogen formation in the liver. 

3. Diffusion into the extracellular fluid, followed by 

4. Acceleration of the glycogen formation in the tissues 

5. Improvement of the muscular utilisation, 
and finally of course 

6. The excretion of sugar into the urine. 


On the other hand, hyperglycaemia affects the glands of inner 
secretion, which in their turn affect the above processes. 

1. The secretion of insulin increases and insulin is activated. 
probably due to a diminished pituitary secretion. This has the 
same effect on the liver as hyperglycaemia, i.e. its glucose secretion 
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diminishes. It is impossible to say whether or not it increases the 
giycogen formation in the liver over and above that which happens 
through hyperglycaemia and the basal insulin secretion. Injected 
insulin does not in fact produce this effect. The increase of the insu- 
lin in the peripheral tissues and its activation evidently increases 
the glycogen formation. It is also difficult to say whether additio- 
nal insulin increases the utilisation (see p. 15). 

2. The pituitary secretion is probably diminished. This results 
in a decrease of the blood sugar. Glyconeogenesis probably dec- 
reases, which partly occurs perhaps through the adrenal cortex 
and the thyroid. 

3. The secretion of epinephrine decreases, which retards the 
breaking-up of glycogen in the liver, and possible the glyconeoge- 
nesis diminishes. 

4. Nothing is known for certain of the reactions of the adrenal 
cortex and the thyroid gland to hyperglycaemia, but as already 
said, changes in the pituitary secretion way perhaps also affect 
them. 

The above-mentioned factors affecting the glucose tolerance 
curve — apart from the hypothetical duodenal hormone — con- 
cern both the peroral and the intravenous glucose administration, 
since they all exert their influence through the rise of the blood 
sugar. Yet, there is at least the difference between enteral and per- 
oral administration, that the sugar applied parenterally reaches 
the general blood circulation without even having passed through 
the liver. Another difference is that on the dose usually admi- 
nistered in the intravenous glucose tolerance test (0.5—1—1.5 
gr/kg), the blood sugar rises to a much higher level than in the 
peroral tolerance test. It follows that the blood sugar concen- 
tration in liver capillaries probably rises in the intravenous toler- 
ance test to an equal or even higher (0.2—0.5%) extent than in 
peroral tolerance test. Thus, it may be assumed that the effect of 
intra-venous tolerance test on the homeostatic mechanism of the 
liver is as strong as that of the peroral tolerance test, and that 
intravenous tolerance test has as great influence on the endocrine 
glands as the peroral one. It is therefore natural that intravenous 
tolerance tests are frequently recurred to, instead of the peroral 
method, for a determination of the glucose tolerance. 
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Moreover, intravenous tests have the advantage that the 
moment when the sugar passes into the circulation of the blood i, 
exactly known. Therefore the intravenous tolerance test is mor 
accurate than the peroral one in the estimation of the tolerance. 
As a rule, glucose is rapidly injected in a few minutes, withou! 
attempting to imitate the velocity of intestinal absorption, nor : 
it necessary according to the prevailing opinion. A smaller dose « 
glucose can also be used. »It is possible to evoke all the characte: 
istic reactions that attend ingestion of glucose by rapid injectio 
of the sugar, with less inconvenience and discomfort to the subjec 
A smaller quantity of glucose is required for this purpose by th 
intra-venous than by the oral route, since all the sugar that is give. 
becomes immediately available.» (PETERS and vAN SLYKE in 1946). 


The intravenous glucose tolerance curve. 


The intravenous tolerance test is usually performed, as alread 
said, by injecting glucose into the vein within a short time. Several 
observers administer the same dose to all subjects, irrespective of 
age and body weight. Thus JORGENSEN and PLum in 1923 injected 
20 g, Térninc 5, 10 and 20 g in 1932, LozNer, WINKLER and 
TayYLor 25 g, SoskIn 25 g in 1944, Farrtey 50 g in 1936, Ross 10 g 
to children in 1936. Others use certain doses per kilo of body 
weight: CrawrorpD 0.5 g/kg in 1938 and 1939, LENNox 0.33 g/kg 
in 1927, TispaALL, Drake and Brown 1 g/pound in 1925. 

Immediately after the injection the blood sugar concentration 
is at its highest. The value obtained largely depends on how soon 
after the injection the test has been performed, as well as on the 
rate of injection. Immediately after a rapid injection the concen- 
tration is higher than after a slow injection. If on the other hand 
the first specimen is taken a few minutes after the conclusion 
of the test, an inverted effect may be obtained (JORGENSEN in 
1926—27), probably because the high blood sugar following a very 
rapid injection induces a more rapid diffusion into the tissues. 

The abrupt fall of the blood suyar curve after the injection 
seems initially to be of a similar form under any circumstances and 
in different individuals (first stage). Only after the blood sugar has 
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fallen to about 200 mg%, individual and conditional variations 
begin to appear (second stage) (JORGENSEN and Pium in 1923, 
JORGENSEN in 1927). According to JORGENSEN, the fall in blood 
sugar while the first stage is in progress is due to the physical 
distribution of glucose between blood and tissues. It is only during 
the second stage that the metabolic factors begin to affect the form 
of the curve to a greater extent. This is also supported by the fact 
that the first stage is fairly normal in diabetics (JORGENSEN). 

Hyperglycaemia induced by the intravenous tolerance test is 
generally followed by a hypoglycaemic stage, the blood sugar 
falling below the fasting level. This is evidently due to overcom- 
pensation caused by those factors, under the effect of which the 
blood sugar falls. Attempts have been made to explain this conse- 
cutive hypoglycaemia, as well as the Staub-effect, with the help 
of an increased insulin production during hyperglycaemia or by 
insulin kinase possibly generated in the course of it. Since 
however consecutive hypoglycaemia also appears in test animals 
whose pancreas has been replaced by a constant insulin infusion 
(SoskIN and ALLwEtss in 1934), it is evident that consecutive 
hypoglycaemia is at least not solely due to an increased production 
of insulin. 

For comparison of intravenous blood sugar curves the follow- 
ing characteristics of the tolerance curves have been taken into 
account: 

1. Maximal elevation of the curve at a certain time after the 
injection (HimsworTH in 1934, SoskIn in 1944). It is affected by 
the rate of injection, but also by technical errors particularly the 
time of withdrawal of the sample. The possibility of error is greater 
the sooner the specimen is taken after the injection. 

2. The time within which the blood sugar attains its initial 
value e.g. JORGENSEN or the time which elapses until it falls to 
0.1%, which especially CRawForp in 1938—39 recommends for 
children, since their fasting values vary much more than in adults. 

When administering 0.33—0.5 g/kg, the adult curve falls to 
0.1% as a rule in 60 to 90 minutes (LENNox, Sosk1n). If the sugar 
dose is increased, the time of the fall is prolonged, however, not 
nearly in the same proportion as the extent of the dose. This is in 
fact fully comprehensible: the higher the blood sugar, the greater 
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the capacity of the normal organism to eliminate it. In Farrvey’s 
experiments in 1936—37 where 5 g/kg were given, the average of 
10 curves fell to below 0.1% in 90 minutes. 

The glucose tolerance is higher in children than in adult |ife 
and it seems to be inversely proportional to their body weight. 
20 g glucose produced a similar curve in adults and in child:en 
weighing 30—45 kg (JORGENSEN and PLum). In CRAWFORDS experi- 
ments, where 0.5 g/kg body weight were given, the curves fell to 
0.1% in subjects of different age within the following time: 


JORGENSEN has used in the comparison of intravenous curves 
a so-called loading-figure, which is a projection of the intravenous 
curve on to the fasting line in mm plus the surface formed by the 
curve itself ‘and its projection in cm? (area). Several investigators 
are however of the opinion that JoRGENSEN’s method of calculation 
is much too artificial, e.g. CRAwFrorD in 1939. 


The peroral glucose tolerance curve. 


This is affected by a much greater variety of factors than the 
intravenous curve, whose form is largely determined by metabolic 
factors. These other factors being mainly of the kind that their in- 
fluence on either curve cannot be determined, it is often difficult to 
estimate the sugar metabolism on the basis of a peroral tolerance 
curve. Such factors of unknown importance are for instance the 
emptying rate of the stomach and absorption velocity in the small 
intestine, as well as possible intestinal fermentation. The rate at 
which the stomach is emptied depends, as well known, to a great 
extent on nervous factors, both directly and since stimulation of 
the autonomic nervous system affects gastric secretion. Thus, 
even a slight irritation can increase, through vagal stimulation, the 
rate of emptying and therefore also the velocity of absorption. 
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As mentioned on page 17, vagal stimulation probably heightens 
insulin secretion, which may therefore partly reverse the previous 


effect. 

When comparing peroral tolerance tests to each other, some 
authorities use the maximal height as a basis, for instance 
So1isALo in 1930, SvENSGAARD in 1931, BADENocH and Morris, 
or the area, as HimswortH and JORGENSEN, or the duration of 
hyperglycaemia (SorsaLo). This is a relatively unreliable standard if 
the curve is lower then normal, when comparatively insignificant 
inhibitory factors, such as restlessness of the child, may provoke 
new, largely similar hyperglycaemic fluctuations as those induced 
by the proper glucose tolerance test. 

50—100 g or 1—2 g/kg glucose per os generally induces in adults 
a maximum 200 mg% hyperglycaemia which reaches its peak with- 
in half an hour to 1 hour and disappears in 2 hours to 2 and a half. 
(So1isALo). Hyperglycaemia persisting for more than 3 hours must 
as a rule be considered pathological (SvENSGAARD in 1931). The 
increase of the dose does not greatly intensify hyperglycaemia, 
evidently partly because of the circumstance that the velocity 
of absorption is relatively independent of the dose, partly because, 
as already mentioned in connection with intra-venous tolerance 
test, the higher the blood sugar, the greater the capacity of the 
organism to eliminate it. Peroral, as well as intravenous glucose 
tolerance test is generally followed by consecutive hypoglycaemia, 
up to 50 mg% below the original value, not later than in 3—4 
hours (SVENSGAARD). Sometimes an even stronger hypoglycaemic 
reaction is met with: MEULENGRAGHT in 1930, 0.037 % and 
0.011 %. In SorsaLo’s 100 tolerance tests consecutive hypogly- 
caemia was manifested in 84 cases already within 2 hours to 2 
and a half. 

Reports on peroral glucose tolerance tests in children are 
exceedingly contradictory. GorTzky’s maximal values in 1925 
vary approximately within the same limits as in adults, 150—200 
mg%, but he administered relatively large doses, 2—3 g/kg. HEr- 
Litz in 1928 gave 1.3 g/kg to children from one and a half to 10 
months old. He obtained a maximum average of 123 mg% in 30 min. 
to 1 hour. When administering much heavier doses of glucose 
(1—7 g/kg), he obtained higher maximal values (135 —242 mg%). 
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BapeEnocH and Morais, by giving 1 g/kg, obtained the followin. 


averages for maximal values in different age groups: 


In the experiments of SPENCE in 1920—21, the tolerance w: 
also inversely proportional to the body weight in children und: 
three years when 2 g/kg was administered. 


SVENSGAARD was unable to find any such correlation betwee 


age and maximal value of the peroral tolerance curve. On the co 
trary, her experiments where 2 g/kg were administered after a fas! 
of 6 hours, yielded a maximum average of 172 mg% in a infant | 
year old, and the peak of the maximi fluctuated as much as froin 
109 to 250 mg %. In children of 1 to 3 years of age the maxim»! 
average was 155 mg % and variations between 122 and 201 mg°,,. 
SVENSGAARD drew the conclusion that children over 1 year old have 
a similar peroral sugar tolerance curve as adults. An increase of the 
dose above 2 g did not anymore intensify hyperglycaemia. 

According to Fries and Kosn, children from 3 to 13 years 
of age have the same tolerance if doses under 2 g/kg are adminis- 
tered. If doses surpassing 2 g are given, the tolerance becomes in- 
versely proportional to the body weight. . 


Effect of diet on the glucose tolerance curve. 


As already described on page 19, the sugar tolerance is in 
direct proportion to the carbohydrate amount contained in the 
diet prior to the test. This has been attributed to the following 
phenomena occurring in the course of the carbohydrate diet: 


1. Insulin production increases or 

2. Insulin is activated or 

3. Pituitary secretion is reduced, which is surmised to have the 
same effect as the activation of insulin. 


According to Himswortn, diet does not consecutively affect 
the insulin production, therefore with regard to hormonal factors, 
only the two latter possibilities could be taken into account, i.e. 
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the activator and inhibitor theories, perhaps even both, since hypo- 
physectomy reduced the difference in glucose tolerance on a diet 
rich in carbohydrate and one deficient in them, without however 
entirely eliminating this difference. 

4, Glyconeogenesis is reduced, which is at least partly due to 
the preceding. This is, according to Soskin, that final factor to 
which the effect of diet on the sugar curve is due. »Both starvation 
and fat feeding are alike in that no preformed carbohydrate is 
being received by the body, so that the liver must make all the 
necessary carbohydrate from its own resources. This represents 
a high degree of activity on the part of the liver. The deceleration of 
sugar output by the liver when sugar is administered requires a 
longer time when the liver is working at top speed than when it is 
working at half or quarter-speed.» 

According to SoskIN and Mirsky, in 1936 the sugar requirement 
of the tissues of dogs fasted more than 20 days before evisceration 
is normal, and therefore the poor tolerance on a diet deficient in 
carbohydrates is not at all due to peripheral factors. This is con- 
tested by the circumstance that after a diet poor in carbohydrates, 
sugar does not appreciably increase the respiratory quotient, its 
specific dynamic action is weak. E.g. BERGMAN and Drury in 1937 
also came to the conclusion that starvation impairs utilisation. They 
injected glucose into eviscerated rabbits at rates so regulated, that 
the blood sugar was maintained at a constant, normal concentration. 
Rabbits which had been fed up to the time of evisceration, utilised 
the glucose more rapidly than did rabbits which had been fasted 
for 4—6 days before evisceration. 

The lowered tolerance to glucose after starvation has been 
explained, particularly by earlier authorities, as due to the breaking- 
up of glycogen, impairing the oxidation of sugar (»sugar is oxidised 
in the flame of glycogen»). This would also explain the diminished 
tolerance after heavy exercise, which uses up the glycogen reserves 
(StauB in 1922, McCLELLAN and WarpLow in 1932, MILLs in 
1938). This opinion is not perhaps fully contradictory to SosK1Nn’s 
theory, according to which pituitary secretion and therefore also 
glyconeogenesis are strong after heavy exercise, insulin is inactive 
and consequently perhaps the oxidation of sugar retarded. (See 
RUSSELL p. 22). 


According to what has been said above, a diet deficient in carl).- 
hydrates and starvation exert such an effect on the peroral gluco: 
tolerance curve, that it rises above the normal level and hyper- 
glycaemia has a longer duration than normally, consequently 
resembles a diabetic curve. Notwithstanding, that even a relati. 
fasting retards the rate of emptying of the stomach (HENscH) 
and MacSurGeon) and the rate of absorption (DONHOFFER 
1942). Thus a diet deficient in carbohydrates of 2 days’ durati: 
raised according to KaGEura the maximum of the peroral gluco-+ 
tolerance curve by 60—70%. In Mc CLevvan’s and WarDLaw s 
experiments in 1932 a transition from a daily carbohydraic 
amount of 350—400 g to a 25 g dose induced a rise of the maximv 
from 0.130% up to 0.210%. 

In children a diet deficient in carbohydrates lowers the glucose 
tolerance even more than in adults. In Livineston’s and BripGi's 
experiments in 1942 with administrations of 3 g/kg to young in- 
fants, the maximum rose from 0.150—0.170% on a diet rich in 
carbohydrates to 0.200—0.240% after a low carbohydrate dict. 

According to Sorsa.o, in 1930, the variations in the ordinary 
free diet have no effect on the peroral sugar tolerance curve. 

Restricted carbohydrate intake and starvation affect the 
intravenous glucose tolerance curve in the same way as the pero- 
ral one, (e.g. HimswortH in 1934) as is only natural. Therefore 
CRAWFORD’s report in 1939 of a fully converse result is of greatest 
interest and very difficult ta explain. She kept healthy children 
for 3 weeks (4 experiments) on a carbohydrate starvation. The 
subsequent intravenous glucose tolerance curve was fully normal 
and fairly identical with the previous curve, although the children 
developed severe ketonuria. 


The Staub effect. 


It has already been mentioned that if glucose is administered in 
consecutive doses two or more times, the second and the following 
ones always induce a smaller rise of the blood sugar. This pheno- 
menon was discovered by Bane in 1913. HAMMAN and HirscHMAN 
in 1919, gave 100 g glucose at intervals of one and a half to three 
hours. StauB in 1921 administered to adults several times and at 
small intervals a constant dose of 20 g glucose per os, while hyper- 
ylycaemia produced by the preceding dose was still prevailing. Sub- 
sequent administrations failed to induce a new rise, on the con- 
trary, the blood sugar diminished the whole time. He suggested 
that a »Bahnung» occurred in the formation of glycogen and 
oxidation of sugar. TRAUGOTT in 1922 obtained a similar effect in 
healthy individuals by giving at first 20 g and after one hour 
50—100 g glucose. He explained it as due to the better capacity 
of the liver to absorb sugar during the second dose. Foster obtained 
the same phenomenon in 1923 and surmised that ingestion of 
glucose or hyperglycaemia stimulated the inner secretion of the 
pancreas so, that during the second test there was an excess of 
insulin in the blood. 

The Staub effect has been studied later by several investigators, 
both by peroral and intravenous glucose tolerance tests. Several 
have obtained it in healthy adults by both methods, although 
there were some exceptions, MALMRoOs in 1928 as well as BARREN- 
SCHEEN and EIsLer in 1926 were unable to observe it. Exton and 
Rose in 1934 administered the second dose 30 minutes after the 
first one, while hyperglycaemia was still prevailing, and made 
determinations of the blood sugar before the test, before giving the 
second dose and 30 minutes after the second dose. He considered 
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the response still normal if the blood sugar was 10 mg% higher in the 
third than in the second determination. GouLp, ALTSCHULER ani 
MELLEN in 1937 and MatHews, MaGatu and BERKSON in 19!) 
made their experiments mainly in a similar way. 

The Staub effect in children has been studied by Gorrzky 4 
1925, who obtained it in an infant 4 months old by administeri: » 
to it about 2.7 g/kg at intervals of one hour and a half, \s 
well as by ScHONFELD, who obtained an inverted Staub effet 
in children — the second tolerance curve was higher than t/ec 
first. ScHONFELD began his experiment after only 4 hours fastir ., 
and explained his results by suggesting that the first dose ws 
unable to compensate for the slower sugar metabolism induced | y 
the longer fast, which exercised its effect on the second te:|, 
Bott obtained in 1936 an inverted Staub effect in premature 
infants and an irregularly effect in children under 4 years ave. 

In intra-venous sugar tolerance tests the Staub effect has been 
obtained e.g. by Himswortu in 1938 and Soskin in 1944. Accori- 
ing to Himsworth, the Staub effect is clearly manifested if the test 
animal has been on a diet rich in carbohydrates, whereas on a low 
carbohydrate diet a very pronounced inverted Staub effect is 
obtained. Only if several tolerance tests are performed in sequence, 
the tolerance improves at last and the Staub effect manifests 
itself. Soskin performed his tests by administering 25 g glucose 
three times intra-venously at 2 hours’ intervals (»triple tolerance 
test»). The Staub effect is then clearly manifested in healthy indi- 
viduals, the peaks of the curves flattening out and the blood sugar 
falling to normal with growing rapidity. 

ADLERSBERG and PorGeEs obtained results in 1926, which 
apparently contest all others. They administered initially 25—50 g 
glucose intravenously, and 60 minutes later 100 g by the mouth. 
This peroral glucose tolerance test produced gross hyperglycaemia, 
about 200 mg%, in spite of the preceding intravenous application. 
If, on the other hand, 25 g were first given by the mouth, the 
subsequent peroral administration of 100 g hardly provoked any 
hyperglycaemia. 

As already said, the Staub effect was at first explained after the 
discovery of insulin by surmising that the first dose of glucose 
stimulated the insulin production, thus causing a surplus of it in 
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the blood during the second application. (Particularly Zunz and 
La Barre.) This theory of the origin of the Staub effect became 
improbable when Soskin, ALLWeiss and Coun in 1934 obtained 
an intra-venous Staub effect in a depancreatised dog, whose pan- 
creas was compensated for by a constant infusion of insulin. Thus 
no extra insulin is needed for the occurrence of a Staub effect. 
SOSKIN and LEVINE explained the Staub effect on these grounds 
as a progressive depression in the activity (production of the glyco- 
tropic or anti-insulin factor) of the anterior pituitary gland as a 
result of repeated or prolonged exposure to hyperglycemic levels. 
Thus, after several successive doses of sugar the normal animal 
reaches that stage from which the hypophysectomized animal 
starts out», In hypopituitarism, according to them, an inverted 
Staub effect is generally obtained. 

That same year, 1934, HimswortuH advanced his insulin kinase 
theory, and explained the Staub effect by suggesting that the 
hyperglycaemia caused by the first dose activates insulin, which 
therefore has a stronger effect during the second dose. Thus the 
difference between the two latter theories is that while HimswortH 
supposed the Staub effect to be due to an activation of insulin, 
SosKIN ascribed it to a decrease in the inhibition of the insulin effect. 

In 1938 Himswortu and Scorr obtained their results described 
on page 23, and lent their support to Soskrn’s opinion, in so far as 
the variations in the sugar tolerance induced by the diet were sur- 
mised as largely due to the pituitary gland. Yet although hypo- 
physectomy practically abolished the difference in sugar tolerance 
on a diet rich in carbohydrates or a diet deficient in them, — it 
did not destroy the Staub effect. Therefore, according to these expe- 
riments, the Staub effect cannot solely be due to a diminished 
pituitary secretion. 

To summarise, the following theories have been advanced on the 
mechanism of origin of the Staub effect: 


Hyperglycaemia 


1. increases the insulin production, producing a surplus of it in 
the blood during the second dose, 

2. activates insulin, which therefore exercises a stronger effect 
during the second dose, 
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3. decreases pituitary secretion, resulting in a decrease of || 
inhibition of insulin effect, which therefore has a stronger eff | 
during the second dose. 


According to SoskIN et al., an increase of the insulin prod: 
tion is not needed for the appearance of the Staub effect. But sin 
the insulin secretion evidently increases during hyperglycaem 
it is of course possible that this factor also has its share in t: 
production of the Staub effect. Soskin maintains as well that t'.< 
activation theory is also superfluous, although not inconsiste:| 
with the other theories: it can be easily surmised that in Soski»’s 
experiments, where the pancreas was compensated by a constant 
insulin infusion, the Staub effect was manifested through thc 
activation of insulin. Sosk1in did not, in fact, obtain the Stau) 
effect in a hypophysectomised dog, but HimswortH succeed: 
in producing it in such an animal. If we take this positive resuit 
of Himswortn’s as a starting point, we come to the conclusion 
that some other factor, beside an increased insulin production ani! 
diminished pituitary secretion, also plays a part in originating 
_ the Staub effect. This can be insulin kinase, or a diminished secret- 
ion of some other endocrine gland inducing hyperglycaemia 
thyroid, adrenals, —- or it can be some other factor, as yet unknown, 
productive of hypoglycaemia, such as the duodenal hormone 
already mentioned. An indication in this direction is perhays 
given by the interesting work of ADLERSBERG and PorGeEs, where 
the intra-venous sugar dose did not lower the subsequent perora! 
tolerance, instead, this effect was attained by the peroral dose. 
This suggests that hyperglycaemia is not always essential for the 
manifestation of the Staub effect, other factors being perhaps the 
intestinal absorption of glucose or its passage through the liver. 
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Writer’s Experiments. 
Intravenous Two-dose Tolerance Test. 


Intravenous double and triple tolerance tests were performed 
on healthy children, 27 tests in all. These children had all been 
in hospital for several weeks and were accustomed to injections 
and withdrawals of blood specimens, Prior to the test, all had been 
kept for at least one week on a fully normal diet. The standard diet 
was neglected, because according to SoIsALo it is not important and 
because it is always very difficult to keep young children on a stan- 
dard diet. The injection was made either into the jugular or the 
cubital vein; the duration of the injection was generally 2 to 3 minu- 
tes. The amount of glucose injected varied between 0.5 and 2 grams 
per kilogram of body weight, and it was usually given as a 10%, 
solution, sometimes as a 20% solution, to avoid the administrat- 
ion of an excessive amount of fluid. The interval between the inject- 
ions varied from 40 to 200 minutes. The test was performed in the 
morning at about 8 o’clock, after the night fast. If some quantity 
of the glucose solution, however insignificant, penetrated under 
the skin, the experiment was discontinued. The children were per- 
suaded, successfully as a rule, to be fully at their ease before the test 
was applied, so that although nearly all of them cried under inject- 
ion, they were quiet and contented after it while the blood specimen 
was withdrawn; during the second injection they usually behaved 
in the same way as previously. 

The blood sugar was determined throughout by the HaGEDORN- 
JENSEN micromethod. The blood was withdrawn from the finger 
tip or the heel with Francke’s needle, and each blood sugar level 
was determined as an average of 2 parallel tests. Both parallel 
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values have been included into the appended tables (1, 2, 3, 4) 
Below some detailed examples of such tolerance tests: 

Fig. 1. Both curves rose to approximately the same level, abou 
250 mg% and fell to 100 mg% within the same time — 38 minut: 
and 37 minutes. Consecutive hypoglycaemia was considerab| 
stronger after the second (85 mg%) than after the first (98 mg°, 
tolerance test. The interval between the injections was 60 minute: 
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4 it 49 Vin -48 
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Fig. 1. Fig. 2. Fig. 3. 


and the former curve was clearly ascending again at the time the 
second injection was applied. 

Fig. 2. Both curves rose to the same level and descended 
within the same time to 100 mg%. The interval between injections 
was 40 minutes, and the former curve was still descending but 
already in the hypoglycaemic stage (last value 82 mg%) when the 
second injection was administered. Consecutive hypoglycaemia 
was somewhat stronger in the second test. 

Fig. 3. The peak of the second curve was somewhat lower 
than the first and returned more rapidly. The second tolerance test 
was applied before the former curve had gone down to normal! 
(last value 119 mg%). 

Fig. 4. The interval between injections was much longer than 
ordinary, 190 minutes. The maximum of the second curve was 
higher than the first by 25 mg®, and it took 5 minutes longer to 
fall. Consecutive hypoglycaemia was similar in both. 
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Fig. 5. Three successive tests were made, the second 150 minutes 
after the first, and the third 50 minutes after the second. The 
second and third had lower maximi, but both fell within a somewhat 
longer time (37 minutes) than in the first. Consecutive hypoglycaemia 
was practically identical in all three. 

Fig. 6. 1.6 g/kg were administered three times, with a constant 
interval of 105 minutes. The second curve had a lower peak than 
the first, but the third was highest of all. The time of the fall 
became prolonged — 51 minutes, 69 minutes and 82 minutes 
respectively. Consecutive hypoglycaemia was 55 mg% in the first 
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test, but already not more than 70 mg% in the second and thir) 
tolerance test. 


The rest of the experiments was fully consistent with thos: 
already described. The results are illustrated on Table I. In ty 
cases the time required for the return to 0.1% in the second intr)- 
venous curve was unmistakably shortened (No. 14, N:o 1 b 16/'), 
but of them the third fall was already more prolonged than |'\ 


1b 
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Fig. 6. 


first in case No. 1 b. In the remaining 25 experiments the tin 
required for the blood sugar to fall to 0.1 mg% was not shortened. 

Fig. 7 shows the average curves for the 0.5 g dose. In the first 
the interval is from 40 to 60 minutes, in the following over 6) 
minutes. The time of the fall of the blood sugar to 0.1 was 35 ani 
35 minutes in the first, in the others 35 and 38 min. respectively. 
The peaks are practically speaking equally high in all the 4 curves. 

The surface areas of the average curves have a ratio of 23: 22 
and 22: 24. 

It has been said already that the maximum height of an intra- 
venous glucose tolerance curve is an uncertain standard for its 
assessment, particularly if the determination is made immediately 
after the injection, as in these experiments. By studying table | 
it becomes evident that the maximum of the second curve was 


TABLE 


I 


Intravenous two-dose tolerance test in healthy 


children 


and adults. 


| 132/87 | Length I— 
= 
11) 9-48} 1a] 1 4/2/05 | 40] I 90) 237] 34 
247| 35 /— 1 
is) 9-48] 1b] 4/12] 0.5 10} 97| 269] 38 
II 269 | 30 8 
Il 232 | 40 |— 2 (I—II} 
1i1/ 8—48 10 1 0.5 40 I 85} 240 39 
Il 270 | 42|— 3 
11) 8-48] 9 1 0.5 | 40] I 85| 223] 29 
II 225 | 29 0 
3—49| 3 12 0.25] 100} I 78} 193 | 46 
ll 189 | 41 5 
7/1—49] 11 1 11/12}05 | 60] I 79] 233] 29 
Il 228 | 27 2 
3-49} 2 5 0.5 | 91) 245] 38 
Il 249 | 37 1 
| 11) 2-49 | 12 5 0.5 | 60| I 81] 262| 32 
Il 231 | 31 1 
3) 6—49|. 8 8 0.25} 65 | I 83} 165] 38 
Il 203 | 37 1 
18) 9—48| 4 5 0.5 | 75| I 92) 207] 24 
| II 242 | 26 2 
26/ 2—49| 2 5 0.5 | 105] 1 85; 253 | 40 
II 215 | 38 2 
6—49| 45 | 11 0.5 | 130] I 219 | 40 
Il 249 | 46 |— 6 
23/ 2-49| 6 6 0.5 | 145 | I 33 
Il 207 | 36 3 
22) 2—49| 7 7 0.5 | 180 90| 272 | 40 
Il 279 | 44 4 
111) 3-49] 2 5 0.5 | 180] I 75) 233 | 22 
II 283 | 24/— 2 
| 113-49] 1c] 2 0.5 | 200] I 229] 30 
II 256 | 34 |— 4 
5 5 0.5 | 75| I 74) 258| 39 
II 252 | 42 3 
23/1248] 1e] 2 0.5 | 150] I 286| 33 
II 245 | 4 
| 248 | 37 4 (I—II]) 
13 minutes after injection. 
* Falling time of the blood sugar to 0.1 %. 


TABLE I (cont.) 
| 
250 | 
25/ 2-49] 1a| 2 0.5 | 190] I 236] 29 | 
263 | 34/— 5 
9/3—49| 1b| 2 0.5 | 195] I 77| 220] 41 | 
Il 240 | 46 |— 5 
24) 2—49| 2 5 0.5 | 210] I 95| 274] 36 | 
ll 373 | 44 |— 8 | 
15/ 1—49 | 15 3 6/12|1 105 | I 83) 186 | 40 100 | 
ll 361 | 51 |—11 
lll 361 | 60 |—20 
12/1-49| 14 | 2 32/1 | 75| I 85| 379] 723 
Il 368 | 56'| 16 
18/ 1-49] 1c] 2 1 70| I 493 | 44 
Il 470 | 39} 5 
Ill 494 | 46 2 
11/12—48| 1b] 2 1.6 |105| 1 85| 542| 51 
ll 400 | 69 |—18 
Ill 590 | 82 |—31 
7/12—48| 2 2 110 | I 82 65 
ll 72 |— 7 ( 
9/12—48| 13 | 1 6/12] 2 110} I 90| 660| 61 ( 
Il 660 | 77 |—16 
2) 9—48|16 | 31 0.25} 45] I 101] 243| 33 
Il 201 | 29 
17 | 20 0.25| 70| I 94/171 | 44 
Il 37| 7 
lll 165 | 34| 10 
15/ 6—49| 22 | 20 0.3 | 75] I 105| 227| 58 I 
II 240 | 48] 10 
6—49/ 18 21 0.3 | 80| I 97| 54| f 
il 192] 34| 20 
13/ 6—49| 20 | 24 0.3 | 95] I 107} 238] 
II 230 | 37 9 , 
6—49| 21. 21 0.3 | 80] I 106) 216| 77 
I 230 | 45| 22 | 
17/6—49| 9 | 19 0.3 | 190] 1 103] 234| 54 
Ul 70 |—16 
21/ 6—49| 22 | 20 0.3 |140] I | 57 | 
II 230 | 60 |— 3 
13 minutes after injection. 
? Falling time of the blood sugar to 0.1 %. 
8 » >» » » » 0.140 %. 
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Fig. 7. tolerance tests. 


only in 8 cases unmistakably lower than-that of the first, but in all 
these cases the fall of the second curve was as slow or slower than 
in the first. 

Thus the foregoing experiments failed to reveal in children a 
clear intra-venous Staub effect, with the exception of 1 experiment 
(14, 12/5—49 Fig. 3). 

In Sosk1n’s experiments, where the intravenous Staub effect 
was clearly manifested in adults, 25 g glucose were administered, 
i.e. about 0.3 g per kg body weight. Infants have a higher glucose 
tolerance, therefore 0.5—1.0 g per kg weight approximately cor- 
respond to SosKIN’s dose. 

Himsworrtu has used for adults 1.0 g/kg, which probably cor- 
responds to a somewhat larger dose in children (1.5—2.0 g/kg). 
The doses administered remained just within these limits, and one 
feels therefore that the non-appearance of the Staub effect is not 
due to the amount administered. 

The interval between the injections can also hardly be the cause 
of the negative result. Soskin made his experiments with 2 hours’ 
intervals. In my own experiments, the interval varied between 40 
and 200 minutes, and the result was negative, apart from the 
exception already mentioned, irrespective of whether the blood 
sugar was or was not falling at the time the next tolerance test was 
instituted. 
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The blood sugar can react in the following ways at the beginn- 
ing of the second i.v.-tolerance test: 


1. It is going down and the last value is normal or subnorm:). 

2. Consecutive hypoglycaemia has passed off and the blo 4 
sugar shows a tendency to rise. 

3. »Fluctuation» has passed off and the blood sugar been sj .- 
bilised to normal. 

4. Hyperglycaemia produced by the first is still prevailiy.. 


NANA 


Fig. 8. 


It is evident that different results can. be obtained, according 
to the stage during which the second tolerance test is performed. 
By studying the figure on p.50 one can observe that the liver 
absorbs sugar from the blood while hyperglycaemia is still prevail- 
ing. The blood sugar having fallen to normal, the liver remains 
passive for some time, and then begins to excrete glucose as before 
the performance of the test. The Houssay-dog’s glucose tolerance 
curve being: practically normal but that of a hepatectomised dog 
diabetic, this liver function occurs, partly at least, independently 
from the pancreas and the pituitary. If the second tolerance test is 
now performed while hyperglycaemia induced by the first is still 
prevailing, (possibility 4), the comparatively independent regulatory 
mechanism of the liver causes a slighter rise and a more rapid fall 
of this curve. Such a Staub effect is therefore partly produced by 
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the same mechanism which is responsible for the normal glucose 
tolerance curve and, in the light of Sosk1n’s experiments, it seems 
unnecessary to assume that the pancreas and the pituitary gland 
have any share in it. Staub made his first experiments in this way, 
ic. by administering glucose doses of 20 g at short intervals, and 
during the terminal tests the blood sugar decreased almost regularly. 
By shortening the intervals between the doses still more, a continous 
glucose administration is naturally achieved, in which the »Staub 
effect» is also manifested. 

If the second i.v.-tolerance test is performed after the blood 
sugar has returned to normal (Possibilities 1—3), the appearance 
of the Staub effect must be due to some factor with an effect of 
longer duration than that of hyperglycaemia, or according to the 
theories either an increased insulin secretion, activation of insulin 
or the inhibited secretion of the glycotropic factor in the hypophysis. 

Such a Staub effect is not, at least in intravenous tolerance 
tests affected by the liver still absorbing sugar from the blood at 
the beginning of the second test, as in the foregoing case, instead, 
the influence is due to the intensification of this capability in the 
liver and perhaps in the peripheral tissues, since, according to 
recent opinion, the first tolerance test affects some or all of the 
three factors mentioned. 

In Possibility IV these factors are evidently doing their share, 
and in addition, the regulatory hepatic mechanism is functioning, 
which is sufficient to produce a normal blood sugar curve and con- 
secutive hyperglycaemia. Therefore, if we wish to study the Staub 
effect as a separate phenomenon from the simple glucose tolerance 
curve, the second intravenous test must be performed after the 
subsidence of hyperglycaemia. 

Thus, in the experiments under discussion, the acceleration of 
the blood sugar elimination did not persist until the following test, 
with the exception of that case (No. 14), where the second test was 
performed while hyperglycaemia induced by the first was still 
prevailing. This experiment does not therefore demonstrate any 
pure Staub effect. 

It appears that if the interval between the tolerance tests is 
prolonged over 60 minutes, a slight negative Staub effect is ob- 
tained, the second curve lengthens. The difference is not great, 2 
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Direct demonstration of the homeostatic mechanism in the liver. The effect 
of dextrose administration upon the output and intake of sugar by the liver 
of an intact dog, calculated from bloodsugar values and thermostromuhr niva- 
surements of hepatic blood flow. The broken line represents arterial blood- 
sugar values; the heavier, continuous line represents output or intake of suvar 
by the liver in milligrams per minute. Note the immediate cessation of sugi) 
output when sugar is administered and the large intake of sugar which follows. 
Throughout the second hour after sugar administration the liver neither retains 
nor excretes sugar. During this period the level of sugar in the arterial blood 
falls below its original control values and does not return to normal until after 
the liver has resumed its output. SoskIn et al. 1938. 


to 8 minutes, but the tendency seems evident, since there is only 
one exception among 11 tests, and even that with a shortening of 
2 minutes only (No. 2, 26/2). In all these experiments the blood 
sugar had already become stabilised at the beginning of the second 
tolerance test, and the hepatic sugar secretion was therefore 
evidently normal. It is difficult to make any deductions concerning 
the causes of this phenomenon — provided it proves constant in 
a more extensive experiments. But it may be assumed as due to the 
»pendulum swings» of that factor which produced the Staub effect, 
i.e., that the absence of this factor or counterregulatory factors 
cause at a certain stage an inverted effect, the same that appears 
in hypopituitarism and in carbohydrate starvation (Soskin, Hims- 
WORTH) and which may be interpreted as some kind of an ex- 
haustion phenomenon of the blood sugar regulation. This interpre- 
tation presupposes however that the intra-venous Staub effect is 
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manifested at some suitable interval between the tolerance tests — 
the pendulum swings back only after having gone in the opposite 
direction. 

It is also probable that if the intravenous Staub effect is so 
clearly manifested in adults, it cannot be fully absent in children. 
A slight tendency towards its manifestation is in fact evident in 
some of my own experiments and it is fully possible that it would 
have been somewhat more pronounced, had shorter intervals 
than 40 minutes have been used. A clear Staub effect would hardly 
have appeared even under these circumstances, since a shortening 
of the interval by some minutes would indicate already that the 
second tolerance test had been performed while hyperglycaemia 
still persisted. 
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From those 6 tests where a heavier dose (1.0—2.0 g/kg) was 
administered, in 5 experiments a negative Staub effect was ob- 
tained which was fairly pronounced. Particularly the triple toler- 
ance test performed on No. 1 b in 11/12—42 greatly resembk 

the results obtained by Soskin in hypopituitarism by his tripi. 
tolerance test Fig. 6. It could be assumed also that an exhaustion 
of the blood sugar regulation was prevailing, in this caseresulting 
from overstimulation. 

Seven adults were used as controls and subjected to a simila: 
intra-venous double tolerance test, as described above for children. 
Figure 10 and Table I illustrate a clear manifestation of th 
Staubeffect fully reminiscent of Soskin’s experiments, in ail other 
experiments with the exception of the two (No. 19 and 22, Fig. ‘)) 
where the interval was very long, 190 and 140 minutes. The falling 
time in Fig. 19 was prolonged here from 54 to 70 minutes, i.e. th 
same phenomenon was present as in children, but greatly intensi- 
fied. 

In addition, both curves are fairly identical in that experiment 
(N:o 16) which shows a shorter intravenous tolerance curve than 
is usual in adults. 


Peroral Two-dose Tolerance Test. 


Twenty two two-dose tolerance tests were performed on children 
aged from 6 months to 9 years. The test was begun, as in the fore- 
going intravenous series, at 8 o’clock in the morning after the 
night fast, the children having been in the same way on a normal 
diet for at least one week. Glucose was administered as a 10° 
solution 2 g per kg weight. It was generally attempted to let 
the child drink the solution of its own will. If this appeared to take 
more than 2—3 minutes, it was introduced into the stomach by 
a rubber tube. Usually the child could be quietened down already 
by the beginning of the experiment. 

In peroral two-dose tolerance tests performed at 2% hours’ 
intervals the Staub effect was generally obtained, but there were 
also 5 clearly inverted reactions. Of these experiments 9 were per- 
formed on identical triplets (1 a, 1 b and 1 c). Their Staub effect 
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was fairly constantly positive, and in simultaneous tests fairly simi- 
lar in all three of them. At first, in November 1948, the effect was 
manifested with moderate intensity. Fig. 11, 12, 13. Likewise in 
December, see table 2 (except on 14/,. 1948, 1 b, where the Staub 
effect was weak. In this experiment, however, the dose was only 
1 g/kg). The curves for March 1949 are more difficult to interpret. 
1b and 1 c had a flat first curve, 1 a, a fairly high one, but all 
three had a practically similar second curve: the peak was attained 
already in 5 minutes after the drinking of the solution, and 
succeeded by a steep descent. Although the curve subsequently 
mounted somewhat, it appears that a strong tendency to hypo- 
glycaemia was prevailing during the second test. The amount 
of catalysation is difficult to assess, particularly in the last series. 
This is also the case with other double tolerance tests, where no 
more than summary results can be obtained by analysing the 
curves as above: 
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Fig. 14; both curves were low. The second attained its maximum 
5 minutes after the drinking of the solution, and began to fai! 
again. The variations are so small that an analysis appears most 
uncertain. 

Fig. 15: both curves practically identical, fairly low. The Stau) 
effect appears to be slightly negative. 
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No. 6: second curve maximum in 5 minutes. Blood sugar beginn- 
ing to fall in 30 minutes. Staub effect slightly negative. 

No. 11: the first curve flat, the second higher, the Staub effect 
negative. 

No. 23: the peak of the second curve was reached within 15 
minutes, thereafter an abrupt fail. It appears as if the tendency 
of the blood sugar to fall were strong during the second test. 

No. 24: two peaks in both curves. The peaks ot the second curve 
were clearly higher. Staub effect negative. 

No. 25: the second maximum slightly higher than the first, 
otherwise both curves fairly similar. Staub effect slightly nega- 
tive. 
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TABLE II 


Peroral two-dose tolerance test in healthy children. 


| 
Date test Age Fast. 
person | (year) | Val. | Curve I | Curve II (mg %) 
(mg %) 
15/12—48 1 a 1 87 169 128 41 
22/11—48 1b 1 80 165 131 34 
15/12—48 1b 1 87 164 134 30 
27/10 —48 30 7 76 149 128 21 
27/11—48 la 1 93 148 138 10 
11/ 1—49 25 1 4/12 76 141 149 — 8 
6/ 4—49 la 1 5/12 78 139 122 17 
29/11—49 t¢ 1 83 139 133 6 
9) 4—49 26 2 1/12 93 137 103 34 
30/11—48 27 1 93 131 105 26 
29/11 —48 29 3 96 129 101 28 
11/ 2—49 6 6 81 129 134 — 5 
13/ 1—49 28 1 5/12 62 128 126 2 
17/ 1—49 14 2 3/12 87 126 123 3 
21/10—48 31 9 84 125 128 — 3 
12/ 4—49 23 6/12 95 124 121 $ 
8/ 4—49 24 1 3/12 70 113 135 —22 
17/ 1—49 11 2 83 110 125 —15 
11/ 4—49 1b 1 5/12 78 109 116 — 7 
7/ 4—49 lec 1 5/12 73 101 112 —11 
14/12—48 la 1 91 134 133 1 (1 g/kg) 
14/12—48 ib | 1 85 144 138 | 6 (1 g/kg) 


11a, 1b, 1c are identical triplets. 


No. 26: a pronounced strong Staub effect. 

No. 27: the second curve quite flat. Staub effect clearly posi- 
tive. 

No. 28: the second tolerance test was done during slight hyper- 
glycaemia. Falling tendency not particularly pronounced during 
the second test. 

No. 29: the second curve did not rise at all. Strong Staub effect. 

No. 30: the second tolerance test was performed while hyper- 
glycaemia still persisted, therefore it does not illustrate the »pure» 
Staub effect. The second curve unmistakably lower than the first. 


Strong consecutive hypoglycaemia did not appear in these 
experiments. The lowest value was that of No. 1 b, 11/4.—49, 67 
mg %, 30 minutes after the beginning of the second tolerance tes! 

Table II shows that the Staub effect is at its strongest in those 
experiments where the maximal value of the first tolerance test 
is high, and appears slight in those where the first maximum ‘s 
below 130 mg%. 

It appears that there was no correlation between Staub effec! 
and age in these experiments. 

The form of a peroral glucose tolerance test is naturally always 
somewhat subject to hazards, since it is affected by several factors 
not easy to elucidate, as mentioned on page 32. One of them is 
the rate of emptying of the stomach, depending on many diff:- 
rent conditions, such as nervous factors, hydrochloric acid con- 
centration and rate of absorption, which can all be influenced hy 
the same factors. 

In double tolerance tests with an interval as long as 2 hours 
the factors affecting the emptying rate and rate of absorption 
referred to above may be entirely different during the second test 
than during the first. It is moreover quite possible that these 
factors are modified already during the first experiment. It can 
be assumed that a »Bahnung» phenomenon also occurrs in ab- 
sorption. This appears probable, since, as already mentioned on 
p. 36, even a relative starvation affects the rate of emptying of the 
stomach and the rate of absorption. Thus it is possible that the 
first dose following the night fast is absorbed slower than the 
second. Therefore the peroral Staub effect need not always demon- 
strate only the metabolic change produced by the glucose admi- 
nistration, instead, it is an indicator of the sum total of the modi- 
fications of accidental factors and of the metabolic changes. We 
are not justified therefore in maintaining with absolute certainty 
that a positive peroral Staub effect signifies an accelerated eli- 
mination of the sugar, not that a negative one is a mark of no 
acceleration, as according to Schénfeld is the state of things in 
young infants. 

Apart from being due to these factors, of an accidental nature, 
affecting the form of the peroral tolerance curve, it is difficult 
to interpret the Staub effect in children, since they frequently have 
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such a low peroral tolerance curve, that even should the first test 
catalyse the elimination of blood sugar during the second, this 
catalysation would not be particularly noticeable in the form of the 
second curve. In fact, high blood sugar is much more sensitive to 
factors inducing hypoglycaemia than low: much more insulin is 
needed to reduce the blood sugar from 100 to 90 than from 200 
to 190 mg%. (Himsworts). 


Effect of Peroral Administration on the Intravenous 
Tolerance Curve 


It seems to me that we shall perhaps be able to make a more 
accurate study of the effect of the peroral glucose tolerance test 
on the regulation of blood sugar by using an intravenous tolerance 
test instead of the second peroral administration, and by comparing 
the intravenous curve thus obtained to the intravenous tolerance 
curve previously obtained by the same individual. The »acce- 
leration» of the intravenous curve would then serve as a standard 
for measuring the acceleration of the blood sugar elimination 
induced by the peroral administration. Such an experiment would 
have at least that advantage, that only the form of the curve the 
effect of which one intends to examine is subject to the influence of 
accidental factors due to the rate of absorption, whereas the »indi- 
cators, the intravenous tolerance curve, is determined only by 
those factors, which affect the blood sugar regulation. 

Fig. 16 illustrates such an experiment. The previous intra- 
venous glucose tolerance curve made on 16/I., fell to normal within 
40 minutes. The subsequent peroral curve (2 g/kg) mounted to 
138 mg%. The intravenous curve made on 17/I. fell to 0.1% in 
34 minutes. The subsequent peroral tolerance test rose to 129 mg. 
On 11/II. a peroral dose was given first and rose to 134 mg% by 
administering 2 g/kg, thereafter the intravenous test was made 
in the same way as on 16/I. and 17/I. by administering 0.5 g/kg. 
Now it fell to 0.1% in 20 minutes. Therefore, the shortening of the 
intravenous curve is 14—20 minutes, i.e. 41—50 %. 

Fig. 17 represents an experiment where the peroral toler- 
ance test was made first and the intravenous afterwards, and on 
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the following day both these tests in the reversed order. After the 
peroral dose the intravenous curve fell to 0.1% in 42 minutes, 
whereas the one made before it took 54 minutes. Shortening 12 
minutes, i.e. 22%. 

Fig. 18 illustrates the same experiment performed on 
on adult. The intravenous curve subsequent to the peroral toler- 
ance test was 16 minutes, i.e. 30% shorter than the preceding 
intravenous curve. 

In all these experiments the peroral curve made first was prac- 
tically equally high as the one made after the intravenous test. 
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the differences being so small that they can be entirely ascribed 
to the variations of the peroral curve from day to day. The same 
possibility of variation naturally also applied to the intravenous 
curve, but not to such great extent. In the first instance, it is solely 
affected by metabolic factors, in the second one should bear in 
mind that since in intravenous application the sugar suddenly 
passes into the circulation, not even a considerably accelerated 
metabolism is capable of shortening the falling time to 0 minutes. 
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It may therefore be possible that while a maximal acceleration of 
the sugar metabolism is prevailing, the peroral tolerance curve 
does not mount at all, but for the fall of the intravenous curve 
some minimal time is still necessary. Consequently, a shortening 
of the intravenous curve for instance from 53 to 37 minutes, i.e. 
fairly close to the smallest possible interval, probably marks a 
much greater metabolic change than the descension of the peroral 
tolerance curve from 134 to 128 mg%. 

The foregoing experiments seem to indicate therefore that the 
peroral glucose dose has shortened the following intravenous 
tolerance curve, but that the intravenous test has not greatly 
affected the following peroral test — i.e. the same observation as 
made by ADLERSBERG and PorGEs. 
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Results were different in the following test (Fig. 19) where the 
preceding peroral administration accelerated the intravenous 
curve from 62 to 20 minutes, but the preceding intravenous 
curve also reduced the maximum of the subsequent peroral curve 
from 147 to 125 mg%,. In this case however the peroral dose fol- 
lowing on the intravenous administration was given before the 
intravenous curve had flattened out to normal, i.e. the liver was 
still absorbing sugar from the blood at the beginning of the peroral 
tolerance test, thus contributing to its fall. 

In Fig. 20 the intravenous curve made on 27/VII. fell in {7 
minutes, a similar one made after the peroral test on the 30/VII. 
took 16 minutes. Shortening 29 minutes, i.e. 66%. 
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Intravenous-peroral-intravenous tests. 


Since it appears that the intravenous glucose administration in 
children does not greatly affect a following similar test, the experi- 
ment reported above could perhaps be simplified so, that all three 
tests — intravenous, peroral and intravenous, are made successively. 
If the second intravenous tolerance curve now proves shorter 
than the first, this shortening is due in great probability to the 
intermediate peroral tolerance test. 

Figures (21 —32) illustrate such tests, 30 in all, which were per- 
formed on healthy children. The intravenous dose was 0.5 g both 
times and the peroral 2 g per kg weight. The interval between the 
first intravenous and the peroral tolerance test was 60—90 minu- 
tes, the interval between this latter and the second intravenous 
test was 120—180 minutes, usually 120 minutes. The rate of the 
blood sugar elimination was determined 1) through the shortening 
of the falling time to 0.1 % in minutes, 2) by calculating the per- 
centage of this shortening from the falling time of the first curve. 

In cases where the second intravenous curve or both of them 
did not fall to 0.1% while the experiment was in progress, they 
were compared to each other by using the falling time to some other 
blood sugar value (0.110—0.140%). 
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In Fig. 21 the falling time of the first intravenous curve was 
37[ minutes,’ the subsequent peroral curve rising to 146 mg%. The 
second intravenous test was made while a slight hyperglycaemia 
(110 mg%) was still persisting. The falling time of the curve was 26 
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minutes. The shortening is therefore 11 minutes, i.e. 30%. Con- 
secutive hypoglycaemia was 10 mg% stronger during the secon: 
than during the first intravenous tolerance test. 

Fig. 22: the first curve fell in 37 minutes, the second in 28 minu- 
tes. The peak of the peroral curve was 132 mg%. The shortening 
was 9 minutes, i.e. 24%. 

Fig. 23. The first intravenous curve fell in 48, the second in 51 
minutes. The peak of the peroral curve was 159 mg%. Although 
the peroral curve was still descending when the second intra- 
venous tolerance was applied, there was no shortening in the 
second intravenous curve. 

Fig. 24. The first intravenous curve fell in 30 minutes. Peroral! 
curve maximum was 164 mg%. On the administration of the 
second intravenous dose, it revealed again an ascending tendency, 
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which probably induced, at least partly, the fall of the second intra- 
venous curve within the identical time (31 minutes) as the first. 
Instead, the third intravenous curve which was made 60 minutes 
after the second, fell in 22 minutes. 

Fig. 25. The first curve fell within 28, the second within 22 
minutes. Peroral curve maximum 118 mg%. Acceleration was 
only 6 minutes, ie. 21%, but it is noteworthy that the 
second intravenous curve was so short that even a strong factor 
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accelerating metabolism could hardly shorten it anymore. It is 
probably to be interpreted as a mark of strong catalysation that 
consecutive hypoglycaemia was exceedingly pronounced in the 


second intravenous tolerance test — the blood sugar fell to 56 
mg%. 
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Fig. 26. The first curve fell within 41, the second within 28 
minutes. Peroral curve maximum 112 mg%. Shortening 13 minu- 
tes, i.e. 32%. 

In Fig. 27 the falling time of the first intravenous curve was 
56 minutes. The peak of the peroral curve rose at first to 117 mg 
only, but it was ascending again at the time the second intra- 
venous dose was administered. Nevertheless, the falling time of the 
latter was only 29 minutes, acceleration being therefore 27 minutes, 
i.e. 48%. The third intravenous tolerance curve made 60 minutes 
later had a slightly more rapid fall, i.e. in 25 minutes. 
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Fig. 28 strongly resembles the foregoing. The falling time of the 
first intravenous curve was 38 minutes, the peroral curve maxi- 
mum only 109 mg%, and the curve was rising again when the 
second intravenous dose was administered which fell in 17 minu- 
tes. Nevertheless, the acceleration was 21 minutes, i.e. 55%. The 
strong catalysation is further revealed by the fact that conse- 
cutive hypoglycaemia was exceedingly pronounced during the 
second tolerance test — the blood sugar fell to 53 mg%. 
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Fig. 29. The first intravenous curve fell in 44, the second 
in 24 minutes. Peroral curve maximum was 117 mg%. Shortening 
20 minutes, i.e. 45%. Two days later (Fig. 30) the same child had 
a first intravenous curve of 45 minutes and the second 40 minutes 
duration, with a peroral curve maximum of 178 mg%. Shortening 
only 5 minutes, i.e. 11%. 

Fig. 31. The peroral dose was administered before the blood 
sugar had gone down to normal, which possibly induced, at least 
partly, the failure of the peroral curve to rise at all. The first 
intravenous curve fell to 140 mg% in 39, the second in 22 minutes, 
acceleration being 17 minutes, i.e. 44%. Consecutive hypo- 
glycaemia was exceedingly strong in the second intravenous test 
— the blood sugar fell to 59 mg%. Later on (Fig. 32) the same child 
had a fall of the first intravenous curve in 31 and of the second in 
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20 minutes. The peroral curve failed to rise again. Shortening |! 
minutes, i.e. 36%. 

It would take too much space to report all the 30 experiments 
in the same way as described above. Table (III) reveals that the 
peroral glucose tolerance test frequently catalysed the following 
intravenous curve. This occurred also in those cases where the 
peroral test did not induce any rise of the blood sugar worth men- 
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TABLE III 


intravenous — per os — intravenous test in healthy children and adults. 
Per os 
Date max. | Area‘ Katal. % 
mg % 

21’ 2—48 1b 1 9/12 37 121 5 22 41 
8/11—48 la 1 5/12 39! 91 22 44 
23/11—48 ie 1 6/12 13 132 1 36 16 
24/11—48 1b 1 6/12 50 182 25 46 8 
1/12—48 i 1 6/12 36 131 8 25 31 
1} 2—49 1 b 1 8/12 38 136 11 30 21 
19/ 2—49 Rie 1 8/12 35 110 1 28 20 
18/ 2—49 1a 1 8/12 31 103 0 20 36 
16/ 2—49 7 1 9/12 458 168 56 403 11 
1) 2—49 7 1 9/12 44 117 4 24 45 
31/ 1—49 32 9 30 134 20 28 7 
1/ 2—49 32 9 46 138 21 46 0 
7/ 3—49 2 4 8/12 28 118 9 22 21 
3/ 2—49 33 2 8/12 38 109 3 17 55 
8/ 2—49 12 6 38 156 37 33 13 
10/ 2—49 12 6 35 119 14 25 29 
7/ 2—49 6 7 42! 163 63 491 —17 
17/ 2—49 6 yf 32 124 8 27 16 
28/ 1—49 15 2 7/12 25 92 0 18 28 
30/10—48 34 7 30 164 38 31 —1 
22/ 9—48 35 5 7/12 41 112 3 28 32 
21/ 9—48 36 9 38 112 1 24 37 
30/ 9—48 37 4 1/12 39? 143 30 302 23 
29/ 9—48 38 5 1/12 48 159 18 51 — 6 
16/10—48 39 12 37 146 22 26 30 
28/10—48 40 3 9/12 37 132 18 28 24 
20/10—48 41 13 56 117 9 29 48 
19/10—48 42 11 28 139 22 27 4 
12/ 2—49 43 2 5/12 35 124 13 30 14 
13/ 4—49 23 5/12 37 119 5 27 27 
9/ 6—49 22 20 57 157 44 23 
10/ 6— 49 21 20 49 170 27 45 
14/ 6-49 44 31 70 154 34 51 


1 Falling time to 140 
* Falling time to 120 
3 Falling time to 110 
‘ The surface area in cm® over 0.1% where 10 min, = 1 cm (abscissa) 


mg % 
mg % 
mg % 


and 10 mg % = 1 em (ordinate). 


tioning. It even appears that especially those peroral experiments 
which had induced a small rise of the blood sugar level, exercised 
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the strongest influence. 


Figure 33 illustrates that at least the height to which the peroral 
curve rises is not directly proportional to its effect, as one would 


be inclined to imagine, but rather to the contrary — an inverse ; 


correlation seems to be prevailing between the maximum height 
of the peroral curve and the catalysation induced by it. The corre- 
lation coefficient is —0.718 and the corresponding t-value = 5.45. 
This result is also obtained between the size of the peroral curve 
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surface and the catalysation estimated in the above-described 
way, (fig. 34) the correlation coefficient being —0.703 and the 
corresponding t-value = 5.23. The same result is obtained when 
the catalysation is calculated simply as a shortening in minutes 
of the second intravenous curve (Fig. 35). The correlation coefficient 
being now —0.597 and t = 3.94. The mathematical interpretation 
of these values means that the possibility of obtaining such an 
accidental correlation is less than one in a thousend. Thus it can 
be assumed as certain that there is an inverse correlation between 
the height of the perora curve and the catalysation caused by it. 

The following figure (36) represent the experiments performed 
with the same child. It can be noted that this negative correlation 
also prevails in different tests performed on the same child — the 
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less the peroral curve has mounted, the more it catalyses the 


following intravenous curve. 

These experiments having been performed with children, i! 
might be claimed, with regard to the origin of the negative corr: 
lation, that the more restless the child, the higher the rise of th 
peroral tolerance curve, and the slighter the catalysation, als 
owing to the restlessness of the subject. Yet restlessness does no! 
seem to affect the course of these experiments in any way, nor of th 
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other tests described in this work either, since, in the first instance, 
the children had been in the hospital for a considerable time 
minimum one week, and they had already grown accustomed 


to injections and withdrawals of samples; secondly, the behaviour 


of the child was carefully recorded and the experiment discontinued 
as soon as there was even a slightly more pronounced distress. 

It would be natural that the same factors which determine the 
form of the intravenous tolerance curve should be mirrored, at least 
partly, in the following peroral test, in such a way that if the intra- 
venous curve is short, the peroral curve will be flat, and vice versa. 
Yet there does not seem to be any correlation between the length 
of the intravenous and the following peroral curve in these experi- 
ments (fig. 37). 
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The figures prove that the time since the disappearance of 
hyperglycaemia at the beginning of the second intravenous toler- 
ance test has shown great variability — in some cases slight hyper- 
glycaemia was still prevailing, in several it had disappeared up to 
2 hours before the initiation of the intravenous tolerance test. 
It could be expected that some correlation exists between the 
duration of normohypoglycaemia preceding the intravenous test 
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and the catalysation, but this does not seem to be the state of 
things, instead, catalysation seems to persist unchanged for 2 
hours at least after the blood sugar has gone down to normal 
(fig. 38). 

Three adults were used as controls and subjected to a similar 
intravenous-peroral-intravenous test as reported above for children 
The dose for the adults was 0.3 g/kg intravenously and 2 g/kg by 
the mouth. In all these tests the peroral dose produced an unmistak- 
able shortening of the intravenous curve. In Fig. 39 the first intra- 
venous curve fell in 57 minutes, the second in 44 minutes. The 
peroral curve rose to 157 mg%, and had not yet fallen quite to 
normal before the administration of the second intravenous dose. 
Shortening of the intravenous curve 13 minutes, i.e. 23%. 
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In Fig. 40 the first intravenous curve fell in 49 minutes, the 
second in 27 minutes. The peroral curve rose to 170 mg% and again 
revealed a rising tendency at the application of the second injection. 
The shortening of the intravenous curve was 22 minutes, i.e. 45%. 

In Fig. 41, the first intravenous curve fell in 70 minutes, the 
second in 34 minutes. The peroral curve rose to 154 mg% and 
fell to clearly hypoglycaemic values (73 mg%) when the second 
intravenous injection was administered. Shortening of the intra- 
venous curve 36 minutes, i.e. 51%. 
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These tests performed on adults reveal therefore that there was 
a fairly pronounced shortening of the second intravenous curve, 
but it was confined within the same limits as where children were 
concerned. The peroral curves were all fairly high, in 2 cases much 
higher than in children with a corresponding degree of catalysation, 


Intravenous-intraduodenal-intravenous§test. 


Therefore, since the peroral glucose tolerance test shortened the 
following intravenous curve to a very considerable degree in several 
cases, it was deemed advisable to examine whether this catalysation 
was still more pronounced if glucose was introduced directly into 
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the duodenum. The experiments were performed as follows: a thin 
rubber tube was directed, with the help of X-rays, through th: 
pylorus to a depth of about 10 to 15 cm into the duodenum. 
When the sound had reached its destination, the intravenou 
sugar dose was administered. On the completion of the injection 
an identical amount of glucose solution as already applied 
per os, was introduced into the duodenum through the rubber 
tube, after which the intravenous dose was administered again as 


53 
256 5. -48. 


go’ 129' 160° 200° 


described above. Of these experiments 5 were successful with 
children and 3 with adults. All however complained of nausea 
after the introduction of the glucose solution into the duodenum, 
and all brought up part of it as well, in consequence of which 
the intraduodenal glucose amount was considerably less than 
2 g/kg. The position of the sound in the duodenum was checked 
by means of a radiogram both before and after the experiment. 
The results were as follows: 

Fig. 42: the falling time of the first curve was 37 minutes. 
Contrary to expection, the intraduodenal glucose tolerance curve 
hardly rose at all — the main part of the glucose solution having 
possibly run back into the stomach. The following intrivenous 
curve fell to 0.1% in 20 minutes, the shortening being thus 17 
minutes, i.e. 46%. 

Fig. 43. The first intravenous curve fell in 41 minutes. The 
intraduodenal curve rose to 245 mg% and had not yet descended 
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fully to normal (109 mg%) at the time the second dose was applied. 
This fell to 0.1% in 8 minutes and the falling of the curve con- 
tinued down to 45 mg%. The shortening was 33 minutes, i.e. 80%. 

Fig. 44. The duodenal dose was administered before the intra- 
venous curve had gone down to normal. Falling time of the first 
curve was 41, of the second 29 minutes. The duodenal curve 
rose to 178 mg%, thereafter exhibiting a strong fall to hypo- 
glycaemic values (49 mg%) and ascending again at the time the 
second injection was applied. The shortening was 12 minutes, 
i.e. 29%. 
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Fig. 45. The first intravenous curve fell in 29 minutes. The 
duodenal curve climbed very high, over 200 mg%. The secon 
intravenous curve had a more rapid fall by 10 minutes. This ca: 
exhibited a very pronounced consecutive hypoglycaemia. 
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Fig. 46. The first intravenous curve fell in 38, the second in 
20 minutes. The duodenal curve rose to 199 mg%. The second 
intravenous curve revealed exceedingly strong consecutive hypo- 
glycaemia (blood sugar 48 mg®%). The shortening was 18 minutes, 


ie. 47%. 


The adult cases yielded the following results: 


Fig. 47 and 48. Shortening of the intravenous curve from 75 to 
52 minutes, i.e. 30%, and from 62 to 38 minutes, i.e. 39%. 
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Fig. 49. The shortening was from 40 to 28 minutes, i.e. 30%. 
In these experiments the shortening of the second intravenous 
curve seems to be still somewhat greater than in the intravenous- 
peroral-intravenous test. The height of the duodenal curve does not 
seem to have any correlation to the shortening, probably owing 
to the experiments being too few. 


250 


200 


150 


100 


54 
19. -48 


u.duod, 


Fig. 48. 


40° 80' 120° 


& -48 
250 
200 tv tv 
150 | dvod 

So 
100 
0° 40' 80° 120 160 
Fid. 49. 


77 
uv, 
400 172 
150 t.dvod 
as’ 
|| 
71 
|_| 
62' 
| 


78 


Results. 


In children no Staub effect is found in double intraveno:;; 


tolerance tests; this is independent of the amount of glucose giv: » 


and of the interval between the injections, provided that the 


second tolerance test is performed after the return to normal of t! 
first curve. When the interval between the injections is increas: 
to two and a half to three hours, an inverted Staub effect is pro- 
duced: the second curve falls more slowly than the first. 

In adults, a Staub effect is produced in double intravenous 
tolerance tests but if the interval between the injections is increase! 
to more than three hours, the Staub effect will also disappear or 
become inverted. 

In double peroral tolerance tests in children the Staub effect 
is found in most cases, but if the first peroral curve is very low, the 
Staub effect is often indistinct or inverted — the second curve rises 
higher than the first. 

In intravenous — peroral — intravenous tolerance tests in 
children a Staub effect is generally found in such a manner that 
especially after a low peroral curve the intravenous curve is 
shortened. Also in experiments performed on the same child the 
maximal height of the peroral curve is regularly in an inverse 
proportion to the shortening of the subsequent intravenous curve. 
This shortening of the intravenous curve occurs even if the second 
intravenous tolerance test is performed more than two hours after 
the falling of the peroral curve to 0.1 per cent. 

In similar experiments on adults the intravenous curve follow- 
ing upon a peroral tolerance test is shortened as much as in children. 

In intravenous — intraduodenal — intravenous tolerance tests 
the duodenal tolerance test causes a still somewhat greater shorten- 
ing than the peroral tolerance test did in the previous experiments. 
The height of the duodenal curve does not seem to have any corre- 
lation to the shortening of the next intravenous curve, probably 
owing to the experiments being too few. 
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Discussion. 


In consequence of the foregoing it can be considered certain 
that in children, contrary to what is the case in adults, an intra- 
venous tolerance test does not accelerate the falling to normal of 
a subsequent intravenous curve. This phenomenon is independent 
of the sugar dosage and of the length of the interval between the 
injections, provided that the next tolerance test is performed after the 
return to normal of the first curve. On page 48 the reason is given 
why in my opinion a sharp distinction should be made between the 
Staub effect thus obtained on the one hand, and on the other, a 
Staub effect found when the next tolerance test is performed 
before the first curve has fallen to normal. One reservation however 
must be made against the claim that no Staub effect is obtained 
with double intravenous tolerance tests in children: neither in the 
intravenous tolerance tests generally used nor in my experiments 
have any attempts been made to imitate the rate of absorption of 
glucose from the intestinal tract; it has been injected rapidly 
»because it is possible to evoke all the characteristic reactions that 
attend ingestion of glucose by rapid injection of sugar» — page 30. 
However, to be able to claim with full certainty that an intravenous 
glucose tolerance test does not produce the Staub effect one ought 
to perform the intravenous injection slowly; yet this is extremely 
difficult with children, because they tend to get tired and to grow 
so restless that the experiment becomes a failure. 

A peroral tolerance test, on the other hand, generally lowered 
the following peroral curve but in many cases both curves are so 
low that it is difficult to analyse them and draw conclusions about 
the intensity of the catalysation caused by the first tolerance test. 
This difficulty largely originates, as expressed on page 32, also 
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from the fact that the form of the peroral curve is influenced by 
other factors as well, besides metabolic ones, namely the evacuation 
rate of the stomach and the absorption rate. Then, should one 
want to investigate the blood sugar regulation by means of th: 
double tolerance test, the double peroral test is inappropriate, 
since the »indicator» — the second intravenous tolerance test - 
also is influenced by other than purely metabolic factors. It is 
natural that this holds true especially with children who are more 
sensitive to psychic impulses than adults. The psychic factors 
affect, as is well known and as is mentioned on page 32, not onl; 
the sugar metabolism, but also the stomach evacuation rate and 
the absorption rate. 

Therefore it is possible that the proposed intravenous — pero- 
ral — intravenous tolerance test gives a more reliable picture of 
the acceleration of the blood sugar regulation produced by a 
peroral tolerance test. The »indicator» — the second intravenous 
tolerance test — is influenced by metabolic factors only. We do not 
know with certainty whether this »indicator» is influenced only 
by the previous peroral test or also to some extent by the first 
intravenous test. In children, as we know, the intravenous tolerance 
test did not accelerate the next one of the same kind, instead, it 
rather retarded it, if the interval was as long as the interval be- 
tween both intravenous tests in these experiments. In adults the 
catalyzing influence of the intravenous test also disappeared and 
was inverted, if the interval was increased to the same length as 
in these experiments. Therefore it would seem that the shortening 
of the second intravenous tolerance curve is due to the interposed 
peroral test. 

One would think moreover that if an intravenous tolerance 
test has no effect on another of the same kind, neither would it 
affect a subsequent peroral test, A substantiation of this with the 
aid of the experiments presented above is, however, impossible, 
since the form of the peroral tolerance curve varies from day to 
day much more than the form of the intravenous curve. 

As already mentioned the second intravenous curve in these 
experiments usually fell more rapidly than the first and the acce- 
leration was great especially in those cases where the peroral curve 
was low. In all those experiments where the peroral curve rose to 
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higher values than 0.155% the acceleration was relatively small, 
as shown in fig. 33 and 35. 

All the theories about the origin of the Staub effect are founded 
on the facts that when the level of the blood sugar rises, its eliminat- 
ion is accelerated and that this acceleration lasts so long that the 
second tolerance curve rises less and falls more rapidly than the 
previous one. According to the oldest theory this rise of the blood 
sugar level produces the Staub effect by increasing the insulin 
production. According to Himswortn’s earlier theory, it causes 
an activation of insulin in the liver and by this means a Staub 
effect. Again, according to the theory of Soskin and the later 
theory of Himswortn, the rise of the blood sugar level brings 
about the Staub effect by reducing the secretion of blood sugar 
increasing factor from the hypophysis. 

The above results, according to which the intravenous Staub 
effect is not found in children but is found in double peroral toler- 
ance tests and in intravenous — peroral — intravenous tests, seem 
to indicate that in children the Staub effect is not produced by any 
jactor in the region of the general (extra portal) circulation — pan- 
creas, hypophysis, thyroid or adrenals. In that case one would suppose 
that the high hyperglycaemia following upon an intravenous tolerance 
lest would produce it at least to the same degree as in peroral tolerance 
tests. It is probable, however, that if any of the factors in this region 
cause the Staub effect in adults, it will also cause it in children, 
although according to my experiments, to so little extent that one 
sees just a trace of the effect — a minimal positive Staub effect 
in some of the double intravenous tolerance tests with a short 
interval, and a slight inverted effect in the long interval tests. 
This latter phenomenon, the inversion of the intravenous Staub 
effect when the injection interval is increased can probably be 
explained by suggesting that when the influence of the catalysator 
producing the Staub effect has disappeared, the counter regulatory 
factors dominate; thus after a sufficiently long interval the second 
curve falls more slowly. 

In adults the same phenomenon was found, i.e. that no Staub 
effect was seen or it was inverted if the injection interval was in- 
creased to more than three hours. Therefore it is probable that the 
difference between the mechanisms producing the Staub effect 
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in adults and in children is merely that the catalysation caused by 


the intravenous tolerance test is weaker in children and ends mor: 
rapidly than in adults. 

Since the Staub effect is produced even without a rise of th 
blood sugar in the general circulation after peroral administra 


tion, the following possibilities as to its mechanism may be con- 


ceived: 


1. It is induced by the rise of the blood sugar in the liver capii- 
laries. In this case two factors should be borne in mind which) 
probably can contribute towards the manifestation of the Staul 


effect. 

A. First one is bound to think of the well-known regulatio: 
mechanism of the liver which, according to Soskin, produces th 
normal blood sugar curve and which, as mentioned on pages 48 an 


49, probably can produce a Staub effect also in double intravenous 


tolerance tests, provided that the second tolerance test is performed 
before the first curve has fallen to normal or so soon thereafter while 
the sugar excretion of the liver is not yet on the same level as 
before the tolerance test. This mechanism may be of importance in 
the Staub effect, as in a peroral tolerance test absorption takes 
place long after the blood sugar in the peripheral circulation has 
fallen to normal, so that the blood sugar of the portal vein at this 
time still shows supranormal values. 

B. The maximal rate of the absorption of glucose is about 2 g 
per minute. The minute volume of the heart in the resting adult is 
about four liters, of which a maximum of one quarter, i.e.one 
liter, passes through the portal vein. According to the recent 
investigations by estimating the minute volume in man, it is usually 
under one liter. (BRADLY, INGELFINGER, BrRaDLY and Curry in 
1945, Myers in 1947 and Bonpy, JAmes and Farrar in 1949). 
This would mean that in the liver capillaries the blood sugar rises 
to 0.2 or even 0.3%. In the dog experiments of CHERRY and Cran- 
DALL the highest glucose concentration obtained from the portal 
vein was 0.182% but usually much lower, from 0.114 to 0.160%. 
If we apply these values to man, it would mean that the minute 
volume of the liver ought to increase during absorption and thus 
prevent the rise of the glucose concentration of the portal vein 
to high values — which is fairly certain even without the above cal- 
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culation, in consequence of our knowledge about the relation of the 
minute volume to activity of an organ. 

If the second tolerance test — be it peroral or intravenous — 
is performed after the blood sugar has fallen to normal after a 
peroral tolerance test, it is quite possible that the minute volume 
of the liver is still greater than normal and the sugar concentra- 
tion of the portal vein increased. Even if the blood sugar in the 
periphery rises again this time, it is quite possible that the liver 
still retains more sugar than it receives through the portal vein. 
Since, after the fall of the peripheral blood sugar the transfer of 
sugar from the blood into the tissues decreases. If the effect of this 
phenomenon exceeds that of the return of the liver function to its 
state before the tolerance test, the peripheral blood sugar rises 
as in possibility II on page 48, although the sugar curve in the 
portal vein and in the liver capillaries still resembles possibility IV. 

If at this moment an intravenous tolerance test is performed, 
the curve falls more rapidly than the corresponding curve made 
before the peroral test, as the liver is functioning more effectively 
owing to both the above mentioned working mechanism and the 
increase of the minute volume. The inverse correlation between the 
maximal height of the peroral curve and the degree of catalysa- 
tion which it causes can be explained as follows: the more effectively 
the liver functions after a peroral tolerance test, the less the peroral 
curve rises and the more it accelerates the subsequent intravenous 
curve. Thus the peroral Staub effect might be explained mainly 
with the aid of hemodynamics, without any particular necessity 
to presume that it is caused by a hormonal factor. The principle is 
the same as in the bilirubin theory of RArHA, here only applied to 
sugar metabolism. 

As mentioned above, a Staub effect obtained with intravenous 
tolerance tests also can be partially explained with the aid of the 
liver mechanism described on page 48, if the second tolerance test 
has been performed before the first curve has fallen to normal, or 
quite soon thereafter. Besides it seems quite possible that an intra- 
venous tolerance test as well would increase the minute volume of 
the liver, because of the liver being of fundamental importance 
for the whole regulation of blood sugar. In the experiments of 
Sosk1n, Essex, Herrick and MANN in 1938 the blood flow of 
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the liver was still 75—105 min. after an intravenous injectioy d 
of glucose remarkably increased. However, Myers, quoted by h 
Bonpy, James and Farrar in 1949, has shown in man, that thy n 
injection of glucose intravenously produces a decrease of hepatic 
blood flow of 10% during the first hour of injection. h 
2. Another way to explain a Staub effect of this kind, whe: t 
the peripheral blood sugar does not rise during the peroral test. I 
would be to return to theories according to which the duodena! t 
wall contains some blood sugar lowering substance, whether it has t 
an independent effect or acts by activating insulin. This hypo- i 
thesis might, equally well as the previous one, explain the fac! r 


that the less the peroral curve rose, the more was the subsequen I 
intravenous curve shortened. i 
It is impossible to decide at this moment to what extent the : 


mechanism founded in hemodynamics described above really caus, | 
the Staub effect in children, and whether it is influenced by some ( 


hypothetical duodenal factor. In order to investigate this one ¢ 
ought to perform a continuous determination during double toler- 
ance tests both of the minute volume of the liver and the amounts é 


of glucose retained and excreted by it. In the dog experiments o! 
CHERRY and CRANDALL, glucose retention, as the mean of seven 
experiments, was practically finished 90 minutes after a peroral i 
administration of glucose. The minute volume might, of course, | 
nevertheless be still increased. | 

There seems to be a contradiction, which is perhaps only appar- | 
ent, between the degree of the Staub effect obtained with double 
peroral tolerance tests and that obtained with intravenous — pero- | 
ral — intravenous tests. The Staub effect produced with double | 
peroral tests was strongest in those experiments where the firs! | 
tolerance curve was high, and was very weak in those where the | 
maximum of the first curve was below 0.130% (Table I). In the 
intravenous — peroral — intravenous experiments, again a strong | 
Staub effect was generally obtained, particularly in those experi- 
ments where the peroral curve was low. I feel that this contradict- 
ion can be explained, at least partly, in the following manner: 

If absorption is retarded after the night fast, a second dose 
might be better absorbed than the first and thus cause a higher rise 
of the blood sugar than in the first instance, in spite of the first 
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dose having catalysed the blood sugar regulation. This does not 
happen if the absorption is maximal already during the first admi- 
nistration and the first curve therefore rises to high level. 

If we consider the second possibility, a hypothetic, duodenal 
hormone, perhaps activating insulin, a certain influence may be 
exercised by the fact that the insulin effect is greater when the 
blood sugar is high than when it is low. Much less insulin is needed 
to lower the blood sugar from 0.160 to 0.150% than from 0.130 
to 0.120%. Thus the »indicatory showing the amount of active 
insulin (maximum of the first curve minus maximum of the second 
curve) is the less sensitive, the lower the curves are. Therefore it is 
probable that in the last experiments on Table II more active 
insulin has been produced than is indicated by the degree of the 
Staub effect. In other words, even if the first tolerance test had 
produced a great amount of active insulin, it is possible that its 
effect is not clearly visible because the »indicator» is not sensitive 
enough. As a contrast in the intravenous — peroral — intravenous 
tests, the »indicator, i.e. the second intravenous curve is always 
equally sensitive. 

Perhaps even a third factor can be conceived, which might lessen 
the Staub effect obtained in double peroral tests. If the first curve 
is low because a great amount of the blood sugar lowering factor 
has been produced, it may be possible that this factor has a direct 
influence upon other incretory glands (the hypophysis or the adre- 
nals) in such a way as to stimulate the excretion of antihormones. 
In that case this antihormone might dominate during the second 
peroral tolerance test. In the intravenous—peroral—intravenous 
test, the high hyperglycaemia produced by the intravenous tolerance 
test probably prevents the secretion of this hypothetic antihor- 
mone. 

In this way it might be understood why the Staub effect in the 
double peroral tests was weak if the curves were low, in contrast to 
the cases where the intravenous curve served as an indicator. 


Thus, it is probable that the Staub effect, in part at least, is 
due to some factor in the region of the portal circulation — a rise 
of the minute volume or some blood sugar lowering factor. Further- 
more, it is, of course, quite possible that the increase of insulin 
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secretion and the decrease of the pituitary secretion and perhaps 
also changes in the adrenal and thyroid secretions, affect it in som: 
way, although they are hardly significant in children, as shown hy, 
the absence of the Staub effect in intravenous tolerance tests per- 
formed on them. 

Above those possible mechanisms have been discussed whic! 
may give rise to a Staub effect, especially in cases where it occurs 
unattended with any remarkable rise of the blood sugar during th 
first tolerance test. To which process the acceleration of the elimi- 
nation is due, is hard to say. According to the theory presented 
above, which is mainly based upon hemodynamics, the glycogen 
formation rate in the liver is probably stronger during the secon: 
than during the first tolerance test. 

If we postulate that some kind of duodenal hormone takes 
part in the production of the Staub effect, it is still harder tv 
answer the above question, since we do not know its mode vo! 
action. If it acts in the same manner as insulin or activates th: 
latter, the nearest theory to advance would be an increased rate 
of glycogen formation and of oxidation in the periphery. 
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Summary. 


27 intravenous double and triple glucose tolerance tests were 
performed on children 1 to 12 years old. The interval between the 
injections varied from 40 to 200 minutes and the dose from 0.25 to 2 g 
per kilogram of body weight. The curves were compared by using 
the criterion of their »length», i.e. the falling time to 0.1 %. Not a 
single instance revealed an unmistakably more rapid fall of the 
second curve to 0.1% — no Staub effect appeared — provided that the 
second tolerance test was performed after the return to normal of 
the first curve. In those experiments where the interval between 
injections exceeded 60 minutes, a slightly negative Staub effect was 
obtained as a rule — the second curve descended more slowly than 
the first. 

8 similar experiments were performed on adults. They showed 
the Staub effect as it is reported in the literature, with the excep- 
tion of one case, where the first curve fell more rapidly than normal 
(test person 31). Both those experiments where the interval between 
injections was very long, revealed as well a negative Staub effect, as 
in similar tests performed on children. 

In 22 double tolerance tests given by mouth the Staub effect 
appeared as a rule, but there were 5 clearly inverted reactions. This 
result was obtained particularly in those tests where the first peroral 
curve was very low. 

However the peroral double tolerance test gives an unreliable 
picture of the blood sugar regulation, since both these tests are 
affected by several accidental factors, such as the evacuation rate 
of the stomach and the rate of absorption. If the effect of the peroral 
tolerance test on the blood sugar regulation is to be studied, the 
second peroral test is therefore an unreliable »indicator. If, 
instead of this second peroral test, an intravenous dose is admi- 
nistered and this intravenous curve compared to a similar earlier 
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one, the change in the blood sugar regulation induced by the perors 
curve will in all probability be obtained with greater exactitude. 
Since the second intravenous test was not greatly affected by th 

first, this »standard» curve was obtained in several cases by adm 

nistering the intravenous dose immediately before the peroral on 

Of these intravenous-peroral-intravenous tests 30 in all were pe 

formed on children aged 1 to 13 years. It was noted as a result tha 

the second intravenous tolerance curve was as a rule shorter than th, 

first, and that this shortening was pronounced particularly in thos 

tests where the peroral dose produced a very slight elevation of tli 
blood sugar. By determining the »catalysation» — shortening of th 
intravenous curve — both as a percentage and in minutes, it was 
observed that an inverse correlation exists between the peroral maxi- 
mum height and the catalysation, and similarly between the are: 
of the peroral curve and catalysation. 

It is concluded that the intravenous glucose tolerance test dic 
not accelerate the blood sugar regulation in children, instead, this 
effect was brought about by the peroral dose, although it produced 
a much slighter elevation of the blood sugar or none at all. This leads 
to the conclusion that the mechanism of the Staub effect is influence: 
by some other agent, besides those already assumed: increased insu- 
lin secretion, activation of insulin in the liver, or a reduced glyco- 
tropic secretion of the anterior pituitary. These could all be regarded 
as highly pronounced under the effect of strong hyperglycaemia 
during intravenous tolerance tests, and can hardly be assumed to 
occur at all under the influence of those peroral tolerance tests 
which do not elevate the blood sugar in the extra-portal circulation. 

This factor probably exercises its effect during the absorption of 
glucose or its passage through the portal circulation; therefore it 
could be either the increase of the minute volume of the liver, or 
some substance reducing blood sugar, liberated in the intestine 
during the process of absorption. The Staub effect manifested in 
children is in all probability mainly produced by this factor. The 
inverse correlation between the maximum height of the peroral 
curve and catalysation is easy to interpret in this way, that the stron- 
ger this factor, the slighter the rise of the peroral curve, and the grea- 
ter its shortening effect exercised on the following intravenous 
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Test Birth Interval} Fast. 
person Da Date |g/kg| I—II | Val.| 3’ | 15’ | 20’ | 25’ | 30’ 
No y Ii— III |mg % 
la 23/5—47 | 14/9—48] 0.5 | I 92 | 247] 182] 141] 131] 110 
40'| 88 | 228] 170} 136] 129] 101 
Il 247| 184) 154] 127] 120 
152] 122) 113 
la 23/5—47 | 7/12—48| 2 I 83 |>385|>385]>385]>385| 347 
110’} 82 344 
II — |>385 372| 326] 295 
— |>385] 378] 307] 322) 293 
la 23/5—47 | 25/2—49/] 0.5 | I 79 | 236] 170) 159} 124] 103 
190’) — 236] 168) 156) 122) 92 
II | 166} 136] 113 
163 112 
le 23/5 —47 | 23/12—48] 0.5 I 82} 294] 200] 158] 131] 112 
150'| 84] 278] 200) 158) 124) 111 
Il — | 249] 169) 151) 138) 114 
55) — 243} 167) 144) 138 
Ill 247] 180] 173} 137] 130 
— | 249) 178) 151 130 
le 23/5—47/| 18/1—49] 1 I 92} 506) 345 188 
70’'| 92] 480] 326 181 
II 472| 267 143 
80’) — 468] 244 143 
Ill 500} 242 136 
488] 225 136 
1b 23/5—47 | 16/9—48] 0.5 | I 97 | 269} 149} 114 
40’) — 159} 147] 127) 114 
II 269 129} 120) 101 
40’) — 167} 127} 115) 99 
Ill 233} 170] 149] 134] 120 
_ 231] 161] 149} 134! 120 
1b 23/5—47 | 11/12—48] 1.6 | I 87 355} 289) 233 
110’} 83 | 542) 410} 330) 285) 216 
II 370| 355} 299] 250 
400} 367] 330] 293) 248 
Ill 602 370} 330] 299 
578| 376] 314] 287 
1b 23/5—47] 9/3—49] 0.5 | I 78 | 224) 188] 155) 135) 119 
195’) 76 | 218) 171} 153) 133) 114 
II _ 245) 213} 200) 164) 151 
235] 239) 188] 164! 146 


TAR 
Intravenous two-dose tol, 


ance 


1 


test in f 


40’ 


9 84 
83 
01 92 
88 
3 |] | 240 
83 |} | 231 
256 214! 
5 99()| 
76 74 
76 
04 95) 
95 
93 82) 
93 82 
| 
103 | 
| 
129| 
132 | 113) 
112 | 101) 
112 | 92 
| 1389/8 | 122 
143 } 
106 99) 
106 | 94 
| 97 85 
| 94 | 
} 112 103) 
| 103 99} 
| |_| 
201 169) 
| 193 | | 163} 
| 210 192) 
| 218 185) 
| 271 246 
| 257 231) 
| 106 103| 
| 100 100} 
| 126 
| | 123 
Ba 


1 


test in healthy children and adults 


91 


Length 
eo’ | | go’! 90’ | 105’! 120’ | | 
10" | 60 | 70°) 8 3 iv. | iv. | iv. 
min. 
| 84 —| —1 
| 83 
88} 
| 185] 133] 56 55 65 | 72 
931) 180) 112) 51 49 
| 183] 144] 91 65 | 76 
| 920} 176] 126] 87 62 | 73 
| 
76| 68 77 76 70|77| 29| 34 ' 
74| 74) 70 7 76 68 | 76 
95| 70| 70} 70 
| 68| 63 
| 
32) 82| 82) 75 73 76 33 | 37| 37| —4 
82| 82| 80) 75 73 75 
| 84 
84 
80| 76 
80| 76 
| 422] 88] 59] 63 44] 46 5 
| 113 58| 59 
1011 45| 52] 56 
92| 52) 54 
122] 101) 56 
| 120 65| 61| 56 
99) 38 | 30] 40 8 ~2 
| 94 
| 85 
| 87 
103 
99 
169| 103] 76] 58 71 | 81 51| 69] 82| —18| —31 
163] 107] 72| 54 71 | 80 
145] 117 73 | 72 
142} 108 69 | 69 
157| 114] 87 | 71 83 
| 231] 179] 149] 108] 87 | 67 83 
84 76 69 71 | 691} 41 | 46 
100 78 76 69 71 
112} 100] 73 
112} 89] 67| 73 


|_| 

1 
1 
3 
) 
{ 
) 
3 
| 
) 
| 
) 
) 
) 
) 
| 
) 
) 
) 
} 
) 
} 

1— 195’ 


Test Birth Interval | Fast 2 , | 
person day Date g/kg| I-—II Val 3 15 20° | 25 
No. II-III |mg% 
le 23/5—47 | 1/3—49 0.5 I 83 228 154 134 108 | 
200’ 85 229 154 131 105 
II -- 247 174 172 120 
— 265 172 179 119 
2 18/6—44| 4/3—49 | 0.5 I 92 250 179 158 135 
60’ 91 240 | 163 156 135 
II — 252 179 160 131 
246 170 156 


92 
| o1 
'T(Gont 
| AC 
83) 6 
108 83) 6 
24 94] 9) 
12 94| 7 
114) 9 
114) 9 
114] 8 
114| 7. 
| 


200’ 


Length 


II 
i.v. 


III 


min. 


34 


93 
l (Cont. 
50" 60’ | 70’ | 80’ | 90’ | 120’ | | 
| 
sal 69 | 67 | 63 | 83 | 78 | 81 | 80 | 30 | = oi | 
83! 69 | 62 72a | 761i 78 
94] 92 | 71 | 69 | 81 | 
94] 78 | 76 | 67 | 76 | | 
: 114) 96 | 80 | 85 | | | 
94 | 76! 80 | 38| 37 1 | 
114] 81 | 69 | 65 | 67 | 
114] 73 | 67 | 65 | 67 Y | 


94 


Ta 
Test Birth Interval | Fast. 
person Da Date g/kg| I—II | Val 3’ | 15’ | 20’ | 25’ | 30’ 
No y |mg % 
2 18/6 —44| 11/3 —49] 0.5 | I 78 | 233 | 121 | 107] 86| 78 
180’ | 73 | 233 | 121 | 107] 78] 76 
Il — | 289 | 126 | 114 73 
— | 996 | 208 | 211 73 
2 18/6 —44 | 24/2 —49| 0.5 | I 95 | 280 | 189 | 152 | 137 | 120 
210’ | +95 | 268 | 177 | 150 | 134 | 123 
II — | 292 175 | 155 | 137 
= | 26 166 137 
2 12/6 —44| 26/2 —49| 0.5 | I 87 | 256 | 183 | 172 | 149 136 | 
105’ | 83 | 250] 178 | 161 | 149 | 136 
II — | 221 | 167 | 165 | 154] 119 
— | 210 | 167 | 163 | 152 | 117 
3 29/12—37| 7/3 —49] 0.25] I 75 | 193 | 143 | 134 | 120 | 120 
100’ | 81 | 143 | 143 | 132 | 125 | 124 
II — | 190 | 146 | 148 | 122 | 119 
— | 188 | 146 | 146 110 
4 17/9 —43| 18/9 —48} 0.5 | I 92 | 211 | 141 | 115} 99] 95 
75'| — | 204] 136] 108] 95] 88 
II — | 243 | 148 | 131 | 110] 83 | 
— | 241 | 146 | 122; 102 | 79 | 
5 31/7 —43 | 21/12—48] 0.5 | I 73 | 258 | 196 | 167 | 149 | 136 
75’ | 73 | 258 | 181 | 153 | 147 | 136 
II — | 252 | 183 | 158 | 158 | 129 
— | 252 | 183 | 160 | 147 | 126 | 
6 31/10—42 | 23/2 —49] 0.5 | I 83 | 256 | 176 | 147 | 121 | 109 | 
150’ | 82 | 239 | 172 | 142 | 114 
Il — | 212 | 163 | 158 | 140 | 123 | 
— | 203 | 163 | 151 | 138 | 116 | 
| 
7 2/5 —42 | 22/2 —49/] 0.5 | I 90 | 276 | 188 | 167 | 152 | 127 
180’ | 90 | 268 | 185 | 165 | 149 | 127 
Il — | 268 | 197 | 172 | 168 | 149 
— | 270 | 186 | 170 | 141 | 152 
8 23/4 —41| 3/6 —49]| 0.25) I 85 | 165 | 151 | 144 | 140 | 115 
65’ | 82 | 165 | 154 | 144 | 136 | 121 
Il — | 211 | 151 | 140 | 122 | 121 
— | 194 | 153 | 128 | 117 | 110 
9 6/9 —47| 11/8 —48| 0.5 | I 85 | 227 | 152 | 129 | 127 | 94 
40’ | 85 | 219 | 147] 129 | 114] 
II — | 231 | 167 | 133 | 117 | 101 | 
— | 219 | 160 | 129 | 110 | 96 | 


ycont.) 


94/101 

| 92 
109} 92 
85 


91] 67 
87| 56 
85) 80 
87| 74 
99| 76 
99) 74 
120] 79 
120] 74 


82 
96| 91 
1105) 92 
89] 89 


le 19 
| 5 
| 83) 7 
73 7 
76 58 6 
76 62) 6 
{ 91; 3 
91) 7 
18 113) 9 
25 106} 9 
119 99) YI 
116 98) 3 
107 7 
103 || 92) 7 
119 | | 104) 9 
111 104) 9 
110 102) 92 
110 101) 8 
75 88 
75 88) 
79 88) 
75 88 
129 
128 
114 
110 
94 
94 
101 
101 
120 
117 
134 
138 
117 
101 
107 
100 
89 83 
85 81 
81 78 
78 78 
= 


95 


cont.) 
Length 
| 40’ | 50° | 60" | 70” | 80° | 90’ | 150'| 180'| 210/270) 2 | | 
| 1 iw | 
min, | 
83| 76 | 86 92 | 73 86 22| 24 ~2 
| 76 | 86 83 | 86 86 | 
58) 67 73 
62) 62 | 73 
| 
91| 86 | 82 82 | 70 | 81 | 81 | 84 36] 44 = 
91| 79 | 84 81 79 | 81 | 88 | 
113, 91 | 84 | 82 
106} 90 | 90 | 77 
90 | 90 89 | 81 40 | 38 2 
98| 87 | 83 89 | 80! 
99| 74 | 74 | 80 
92) 74 | 74 | 80 | 
104) 97 | 95 682 46} 41 5 
104| 97 | 93 | 
102| 92 | 84 | 74 
101} 84 74 
88) 93 | 86 24 26 
88| 90 | 84 —2 
88 
83) 
94/101 | 78 | 71 39 | 42 
| 92 | 78 | 64 
109] 92 |119 | 76 
107| 85 |112 | 74 
91] 67 | 54 69 | 69 | 733 33 | 36 
87| 56 | 53 64 | 69 | 733 
85} 80 | 67 | 67 
87| 74 | 64 | 65 
99| 76 | 69 83 | 88 | 90 | 90 40 | 44 wail 
99) 74 | 67 79 | 88 | 85 | 87 
120| 79 | 70 | 76 
120| 74 | 69 | 79 
82 38 | 37 1 
96| 91 
1105] 92 | 82 | 74 
89} 89 | 82 | 82 
83} 29 | 29 0 
81| 
78| 
'=105' 2—100’ * — 145’ 


| 

e 
H 

6 
3 | 
1 
() 
5 
5 
5 
) 
) 
) 

| 
| 
| 
| 
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Test Birth Interval | Fast. 
| person aoe Date g/kg| I—II | Val.| 3 15 20 25’ | 30’ 
No : Il—III |mg % 
10 2/8 —47| 11/8 —48] 0.5 | I 85 | 246 205 | 147 | 140 
40'| 85 | 235 | 219 | 161 | 145 | 131 
II — | 281 | 197 | 170 | 151 | 131 
— | 259 | 196 | 165 | 147 | 126 
11 26/2 —47| 7/1 —49] 0.5 | 1 81 | 225 | 151 | 140 | 122 | 101 
60'| 78 | 219 | 147 | 140 | 122] 96 
Il — | 231 | 157 | 135 | 108 | 87 
— | 225 |] 156 | 183 | 105] 85 
12 |29/7 —43| 11/2 —48/0.5 | I 85 | 263 | 174 | 150 | 127 | 112 
60'| 78 | 261 | 168 | 150 | 126 | 106 
Il — | 242 | 152 | 131 | 108 | 105 
— | 221 | 152 | 129 | 110] 101 
13 3/4 —47]| 9/12—48/| 2 I 94 | 668 | 462 | 412 | 336 | 277 
110'| 86 | 652 | 438 | 402 | 336 
II — | 668 | 488 | 385 | 372 | 345 
— | 652 | 484 | 385 | 364 | 344 
14 18/10—46 | 12/1 —49] 1 I 85 |>385] 309 | 283 | 257 | 235 
75'| 85 | 373] 297 | 281 | 257 | 235 
Il 373| 305 | 277 | 265 | 235 
364] 299 | 259 | 257 | 227 
15 |27/6 —46|15/1 —49/] 1 I 83 | 385] 296 152 
105'} 83 385} 288 149 
II - 361| 278 192 
— 258 185 
Ill _ 364] 274 179 
_ 358) 258 178 
16 | 21/1 —17] 2/9 —48] 0.25] I 101 | 245] 209 | 149 | 121 | 103 
45'| 101 | 241] 171 | 135 | 121 | 103 
II — | 203] 144 | 128 | 112 | 100 
199] 144 | 122 | 107 | 94 
17 11/9 —28| 2/10—48] 0.25] I 96 | 174] 154 | 138 | 135 | 119 | 
70'} 921] 169] 149 | 130 | 130 | 114 
I] _ 176} 140 | 137 | 126 | 114 | 
60'} — 169] 138 | 135 | 123 | 110 | 
Ill _ 167} 142 | 135 | 129 | 123 
_ 163] 135 | 133 | 124 | 123 


96 


| | } 
10 
117 
1G 
Li4 
| 81 
78 
31 87 
3 87 
1) 83 
85 74 
88 72 
83 76 
219 199; 1 
199 197) 1 
| 301 267 
197 250 
239 221) 1 
29 218) 1 
221 182) 1 
212 181; 1 
101 
99 
142 
| 141 
| 147 
| 147 
98 96| 
96 87] 
87 83] 
87 80) 
118 116) 
112) 
114 109) 
109 105} 
110 105} 
105 112} 


96 


0 | 60 | 70’ | 80’ | 90’ | 105’ 210 iv. | iv. | iy, | I-10 
min, 
| | | | 39 | 42 ~3 | 
| | 
| | | 
79 29] 27 2 
72| 76 
94] 92 
90} 89 
| 
60] 60 32] 31 1 
60] 60 
56| 
56} | 
136] 106] 77 59 | 70 61] 77 —16 
132) 101] 70 61 
183/108 65 61 | 76 | 
| 17711032 63 61 | 72 
199] 163/138 729] 562 16 
196} 156 
161] 133} 962 
158) 128] 851 
69| 60 | 71 | 90 | 94 40/ 51] 60] 
65] 67] 60 | 71 | 87 
105! so] 69 | 71 78 | 94 
101 76] 67 | 76 | 78 89 
129] 105} 80 | 67 | 74 
119} 98! 80 | 67 
80 | 33 | 29 | 4 
74, | 
| | 
| 96 44] 37] 34 7 10 
91 
91 


~ Length 


112 92 | | 
'= 75’ to 0.140 % 


97 
| colt.) 
1197 
8 
l 
31 8 
3 87 
1 
85 | 74 
58 72 
83 76 
19 199 
9 197 - 
if 267 
950 
221 
218 
1 182 
2 181 
101 
99 
142 
141 
147 
147 
96| 
87} 
83] 
| 80) 
| | 
116) 
112} 
109) 
105} 
/ 


98 


Test Birth Interval | Fast. . 

person Da Date | g/kg} I—II | Val.| 3 15’ | 20’ | 25’ | 30’ 
No. y II—III |mg % 

18 17/1 —28| 8/6—49 | 0.3 | I 100 | 250 | 209 | 187 | 166 | 142 
78’ | 95 | 238 | 206 | 187 | 166 | 141 
II — | 182 | 150 | 121 | 121 | 123 
— | 200 | 137 | 127 | 117 | 117 
19 5/11—29 | 17/6—49 | 0.3 | I 102 | 233 | 192 | 177 | 166 | 146 
195’ | 104 | 235 | 184 | 170 | 152 | 137 
II — | 214 | 199 | 170 | 154 | 150 
— | 214 | 197 | 157 | 152 | 148 
20 |15/8 —25/|13/6—49 | 0.3 | I 107 | 247 | 182 | 158 | 148 | 130 
95’ | 107 | 230 | 164 146 | 128 
II — | 230 | 182 | 158 | 137 | 124 
180 | 158 | 135 | 131 
21 24/9 —28| 8/6—49 | 0.3 | I 110 | 219 | 177 | 175 | 168 | 157 
80’ | 103 | 214 | 168 | 173 | 159 | 155 
II — | 233 | 169 | 157 | 142 | 130 
— | 227 | 162 | 157 | 142 | 130 
22 15/12—28 | 15/6—49 | 0.3 | I 106 | 227 | 192 | 185 | 190 | 156 | 
70’ | 105 192 | 179 | 168 | 152 
II — | 241 | 194 | 165 | 147 | 138 
— | 239 | 190 | 161 | 143 | 134 


(cont.) 


|_| 

1 

| 40 | bs 

= 
130) 1 
137 | | 126} 1 

97 97 

3 93 
27 112] 1 
121 111] 1 
137 | 139} 1 
132 |} 145) 1 
i21 109] 
119 105) 
i04 | 96) 
104 96; | 
144 135) 1: 
144 133] 1: 
116 103) 10 
119 
132 141| 13 
134 132) 1: 
120 113) 
120 113) 
1 — 


(cont.) 
Length 
40’ | 50’ | 60’ | 70” | 80’ | 90" }120'] 150’| 210/270} | | 
| | iw. | 
min, 
130| 112] 71 54| 34 | 20 
126| 112} 79} 71 | 
97} 91] 79] 80 | 
93 84! 91) 80 | 
112| 104) 86 88 | 86 | 88 | 882 54 | 70 ~16 | 
111| 102) 95} 83 90 | 86 | 88 | 932 | 
139] 118] 116] 102 
145) 123] 112| 102 
109| 91 86] 932 46 | 37 9 
105} 96] 89 86| 872 
96| 86] 82| 84 93 | 91 | 982 
96| 86| 80| 84 91 | 89 | 962 
135| 114] 109] 100 45 22 
133} 123] 112] 107} 98 
103| 102} 91] 70 
103] 93| 77 
141] 111] 99] 96 
132| 110] 96) 96 58 | 48 , 
113} 99| 78] 76 78 | 87 | 85 97 | 92 
113} 96| 78| 76 78 | 87 | 85 10 
1=195 165 
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| 
1 | 
| 
1 
7 
2 | 
9 
| 
| 
4 | 
6 
| 
2 | 
4 
0 
0 | 


t | | 
| | set | sor | | ze | 1| a1 


jar ar 92 | | | 
| G8 £91 LVI ol Zl 
| 2g | LOL cri £01 101 col €8 I site| 41 
86 cor 86 LOT 66 
66 86 86 LOL 86 Il 
68 26 86 66 £01 €8 vL 
06 | 86 86 66 18 bL 1| 2 b/L | 
48 88 eet cot II 
SOL 68 sot aus 68 II 
‘86 _| vet OVE | ver 9L 08 I | | 
96 Lit Lit TIL II 
6IT L8 69T cas v8 
| 16 09F | | Ser _ | 16 1 | | | gies) 
L9 08 66 vit 9L 69 
08 66 TL TL II 
TL 48 69 L8 06 6 
Lit LL 6€T ett Lit II 
Lit TEE vol 9€T oct TIE 88 £6 
ett Lat 9FT 66 88 €6 I BT 
% Bul | ‘ON 
| sa L 


100 


uasppiya fiyyyway ul asop-om) 
ATaVL 


| 
| 
|- 
| 


101 


Il 


8h 
9b —OL/8T 


Ly— 2/92 


ch 
Ly— 
Ly— 


S/€Z 


ve 


q 


| 
} 
|- 
| 
MOONS 
| ARMANI HOM SSNN HM 
| 
| | 
| a N N N | 
= = = = 
| | | | | | | 
nN } 
| Ve} ™ ~ 2% 
| | 


TABLE 

Test . Interval | Fast. 

person poy Date g/kg I-IlI Val. 5 
No. y | mg % 

26 26/2 —47 9/4 —49 2 I 94 110 

120’ 94 112 

II ‘nt 83 

83 

27 29/10—47 30/11 —48 I 94 116 

120’ 92 116 

II 99 

99 

28 17/8 —47 13/1 —49 _ I 63 54 

120’ 62 54 

II 101 

110 

29 19/10 —45 29/11—48 2 I 96 94 

120’ 96 105 

Il 96 

— 96 

30 24/6 —41 27/10—48 I 80 80 

120’ 75 80 

II = 128 

128 

31 27/9 —41 21/10—48 I 85 94 

120’ 84 94 

II “i 118 


2 (Continued) 


103 
15’ 30 45 60 75’ 90’ 120’ 
138 | 138 131 128 110 107 
| 137 135 128 123 107 103 
92 78 85 96 105 78 
92 74 83 89 101 80 
131 112 101 99 101 99 
131 112 97 99 97 
101 108 103 106 103 92 
92 103 103 105 103 99 
| 76 98 101 105 89 121 
78 98 99 105 81 116 
114 112 96 99 90 87 
119 112 98 96 90 87 
110 129 126 112 90 99 
| 106 | 129 119 105 85 96 
| 94 CO 99 92 103 81 99 
89 94 96 99 81 94 
93 131 149 155 124 126 
96 131 149 119 123 
| 119 126 112 103 100 91 
119 126 111 103 96 94 
| 123 125 107 109 116 96 
| 123 125 107 107 114 94 
123 114 116 102 128 116 
| 125 109 116 103 | 128 116 


104 


TABLI 
Intravenous — per os — intravenous 
Test Li.v Fast. 
person — Date per os Val. | 3’ | 5’ | 15’ | 20’ | 25’ | 30’ | 35’ 
_No y ILi.v mg% 
1a | 23/5—47 8/11—48 I 82 284] 243) 211) 208] 179] 152 14) 
40’ — 302} 232) 204) 195) 175) 150) :34 
Per. os -- 122} 102 81 
145’ — 122} 101 81 
II i.v 274] 188] 159] 111] 92) 77) 59 
266] 152} 110} 90] 70 59 
1e | 23/5—47 | 23/11—48 I iv. 78 263] 197| 168] 143] 126) 122) 114 
60’ 74 186) 167} 143} 120) 114) 105 
Per. os -- 103} 124 133 
120’ _ 103} 122 131 
II iv — 201] 158] 140] 119] 106) 3g 
— | 275 194) 158} 133] 177 79 
1b | 23/5—47/ | 24/11—48 I icv. 84 | 300 220} 206) 170] 152} 143! 130 
60’ 82 | 288 209] 195} 166) 150] 136) 123 
Per. os _ 123) 170 188 
120’ — 122) 175 177 
II i.v — | 204 215} 166) 155! 144] 118! 109 
— | 286 209] 161] 150] 137] 111) 108 
le | 23/5—47 1/12—48 I icv. 72 | 275 197] 170! 140! 116! 107! 85 
60’ 69 | 263 190] 163} 138) 112) 98] 83 
Per. os. -- 103} 131 135 
130’ — 105} 131 128 
II i.v — | 307 196] 136] 103} 78] 67] 33 
— | 285 187] 143] 103) 85 19 
1b | 23/5—47 2/2 —49 I iv 94 | 251 170] 149} 131} 122} 108) 103 
60’ 89 | 235 170] 145] 129) 121] 105) 94 
Per. os — 94) 121 135 
120’ 98] 129 138 
II iv — | 349 210} 178] 128] 101} 96) 94 
192] 172] 124] 101] 96| 92 
1e | 23/5—47 | 19/2 —49 I iv. 73 | 249 190] 158} 129} 100) 87 
60’ 72 | 245 183] 149] 123) 115] 100) 
Per. os _ 67| 92 94 
175’ 67} 92 94 
II iv 264 131) 110} 94] 87] 78 
241 167| 129} 110} 94] 80) 2 


|| 
3 
test in 
| 45'| Jv 
| 
86 
84 
76 
79 
1 
115] 
1107 
1 
| 83 
| 53) 
| 
103 
105) 
99 
| 107 
107} 


3 


test in healthy children and adults 


Length |Length 
50’ |60 | 70’| 80’| 90’ | 120’| 135’|150’] 1807] Il |Kat.% 
min. min. 
| | 

41 | 391 

34 | 
86 90 86) 77 4 
84! 93 86] 77 

59 | 22* | 

ag | | 

14 79| 74 | 43 

05 81 67 | 
76) 114 131] 90 | 46 
79) 114 124] 88 | 

88 74| 81 360 CS 

79 74 

130 | 100} 86 | 50 

23 | 99) 79 
115] 68 100} 88 
107| 72 91] 88 | 

| 100} 99 | 

08 | 95] 91 | 

85 | 65) 56 36 

83 | 60] 53 
83) 81 101} 96 | | 31 

72 94) 96 | 

80 25 

| 67 

| 69 38 

94 | 69 
103} 103 87| 112 1 
1105] 117 85} 109 

94, 99) 30 | 

92) | 

| 64] 58 35 
| | 64] 56 { i 
114) 89 94} 92 55 49 | | 20 
107) 85 83} 92 53 

78 71 | os | 

78 | | 


1 Falling time to 140 mg%. 
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Test Birth Li.v. Fast. 
person Da Date Per. os Val. | 3’ | 5’ | 15’ | 20’ | 25’ | 30’ 
No. y lliv. |mg% 
1a | 23/5 —47 18/2—49 I 72 | 270 174] 154] 120} 101 
75° 63 | 256 170 111] 101 
Per. os 94 74 
145’ ~~ 85| 87 69 
II i.v. — | 26 145] 101] 92) 61 
— | a 143} 99] 78] 60 
1b | 23/5 —47| 21/2—49 I inv. 84 | 298 209} 162} 151| 124 
60’ 76 | 288 184] 162] 144) 121 
Per. os. =a 103} 121 112 
150’ — 100} 121 102 
II i.v. = 112} 89} 69 
— | 112} 89] 69 
2 18/6 —44] 7/3—49 I iv. 85 | 273 149] 123] 107] 100 
60’ 83 | 256 145] 123] 100} 97 
Per. os — 100} 103 105 
155’ 103 107 
II — | 264 130} 116! 87] 71 
— | 130] 112} 80) 67 
6 31/10—42| 7/2—49 I 87 | 257 199] 176] 176 
60° 87 | 248 208| 188] 176| 167/ 
Per. os 126} 136 158) 
120’ _ 124} 140 163 
Il itv. — | 324 257] 227) 212! 
248] 248] 221] 212! 
6 31/10— 42 | 17/2—49 I iv. 76 «| 269 184] 145} 132! 113 
90’ 76 | 269 166] 141] 134] 101 
| Per. os _ 76) 106 117 
165’ _ 83] 106 110 
II 148] 113] 106} 83 
143] 110} 101] 83 
7 2/5 —42] 16/2—49 I iv. 65 | 246 165] 156} 150 
60’ 63 | 235 165] 154) 149 
| Per. os ve 94| 138 168 
135’ — 97| 138 165 
} IT iv. — | 284 179] 154} 129 
174| 147] 124 
7 2/5 —42| 14/2—49 I iv. 86 | 284 213] 168] 157] 138 
60’ 84 | 282 202] 173) 155] 138 
Per. os. _ 63) 99 119 
150’ ~ 66| 97 115 
II iv. _ 294 170| 120} 99] 88 
— | 286 150| 115} 95} 88 


10 
10 


3 (Lon 
35’ | 40 | 5/| 5 
49 
| 
81] 76) 
81) 74] 
| 101 
56] 
51} 
109) 39] 
| 
| 
YS 
66! 64! 
64) 60) 
89 85) 
83) 85 
1109 
58! 58) 5f 
581 5 
160} 149 | 1: 
156) 143 1 
161) 
194) 1: 
197| 1 
92, 381 
88 74 } 
115) 
112) 
838 
| ¢ 
141) 
| 11 
Qc 9 | 
132) 1208) | 41 
{170 
122) 
105) 
124) 111 
124| | 
95] 
| 951 
88! 88 | 


LE 


3 (Continued) 
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Length | Length 
| 45’, 50’ |60’|65’|70"| 75’ | 90’ | 120’| 135’| 150’| 155’| 165’|180’] I II |Kat.% 
| min. min. 
} 
| 63 54 31 
| 63 54 
1101 99]/106 | 492 36 
o4| | 92/101 | 291 
63 20 
63] 
69} 58 37 
| | 60] 58 
| 103 78 | 58 41 
| 39 76 
| 58 | 22 
| 55 
85| 82 28 
83| 76 
1109 1123 109] 98 98 21 
1107] /114 101] 94 
| | 56 | 22 
| 57 | 
| 119/121 
161) 156 154/156 —17 
165) 158]158 
| | 138/133 419 
| 140/135 
68! 54 56 54 | 63 32 
63] 64 58 56 | 59 
115 129 97] 92 74 16 
412] (120 97| 94 72 
| 63] 63 
| 63 27 
117] 87 453 
117| 96 
170 158 129|147 | 113 11 
167 158 150 | 110 
108 403 
105 
108] 65 44 
106] 66 
95 994 45 
95 952 
95 24 
88 
1. 105° 2. 140’ 4% Falling time to 110 mg%. 


|| 

| 
76 

74] 

| 

39 

64! 
60) 
85) 
85) 
58! 
56) 

49 

43 
818 
81 
74 | 
70 
70 
17 
20 
11 
()4 
88 


108 


TABLE 
Test li.v Fast. 
person Date Per. os Val. | 3’ | 5’ | 15’ | 20’ | 25’ | 307} 35 
No. y |mg% | 
12 | 29/7 —43| 8/2—49 I i.v. 84 243 164] 153] 144] 132] 109) 97 
60° 79 | 232 150] 146} 130] 108 95 
Per. os — 82 | 104 102 
135’ = 82} 108 97 
II iv 306 175) 136] 129) 111) 93° 77 
170] 134} 108) 91, 75 
12 | 29/7 —43| 10/2 —49 Li.v 85 307 180} 162} 133} 118) 103) 99 
60’ 83 | 295 171] 147] 130] 116} 9x; 9 
Per. os 71) 71 98 
175’ 78 100 
II i.v 227 140} 103] 103} 82) 71 56 
— 212 138] 101} 98) 83) 69: 56 
15 | 27/6 —46 | 28/1—49 I icv 87 283 167| 135} 92) 83) 71 7 
60’ 85 277 163 92} 81) 69) 69 
Per. os _ 65) 76 85 
120’ 65) 83 81 
II - 242 129} 85) 81) 67) 58 65 
205 119} 83) 71) 65) 62 
21 24/9 —28 | 10/6—49 I i.v. 104 242 199} 179] 157) 137) 128 116 
70’ 102 242 199] 173] 155) 137) 126 111 
Per. os _ 102} 123 139 
175’ 102] 128 
II i.v 254 168} 137} 109) 93) 38} 
— 235 150} 132} 105) 91 79 
22 | 25/12—28); 9/6—49 I icv. 91 210 185} 176} 146) 137) 139) 128 
70’ 91 208 185} 180} 144) 153) 169 
Per. os. — 103} 124 149 
67’ 108] 131 149 
II i.v 212 173] 164] 135) 121) 108) 108 
208 167} 158) 135) 119) 101 
22 | 25/12—28 | 21/6—49 I i.v 100 217 176} 151] 153) 145 136 27 
70’ _ 219 174; 151; 149) 145) 122) 122 
Per. os — 85) 82 83 
water 
135’ 85} 80 82 
IT i.v - 251 167} 162) 151) 147) 136 127 
209 163} 160) 145) 145) 127) 122 
23 =| 22/10—48 | 13/4—49 I icv. 92 257 172| 142) 119} 112} 103) 99 
60’ 90 | 254 165] 138] 119] 112] 107, 89 
Per. os 107 122 
125’ _ 81| 107 117 
II i.v 273 179] 147) 104; 99) 83) 
261 167| 147) 102) 92} 81 


|_| 
130 
1129 
5 
119 
| 
| 
| 
| 73 
| | 94 
on 
| | 6 
6! 
Of 
19 
170] 
170) 
1 
| 9 
141: 
160} 
of 
9: 
ite 
11: 
85] 
117 
85 
108 
105 
62 
| 85 


3 (Continued) 
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Length | Length 
50°. 704] _75’| 80’| 90’ | 120’) 135’] 150’| 155411757} 180’) II |Kat.% 
min. min. 
| | 

88 | 61 38 
88 | 59 
1130 136 130} 155}139 13 
«(136 157/139 
55 33 
57 
60 | 51 35 

58 47 
119 119 107| 105 109 64 29 
119) | 109 107 65 

53 | 25 

5D 

78 | 65 25 

78 | 63 
94 76 80} 83 28 
90} 76 83| 78 

65! 18 
65! 
99 | 88 88 19 
97 | 88 86 
170 162 146] 128 128 135 15 
170 162 146] 123 125 132 
95 |102| 86 27 
| 93 |102} 88 
| 115 | 95 87 57 

115 | 95 86 
1155 130 121] 117/119? 23 
1160 128 115] 122/124? 
96 {100} 89 44 
| 93 | 94 
| | 96 101 57 

112 | 94 101 
| 85 83 89] 89] 78 

83 83 91] 89} 80 

119 |100]101 60 

117 101 

85 | 94 37 

85 | 94 
108 107 103 98 27 
105 99 99 | 98 

62 | 69 | 27 

85 | 69 

1. 55’ = 127’ 


| 
95 
| 
77 
75 } 
92 | 
9] | 
| 
56 
56 
72 | 
69 
65 
62 
16 
11 
84 
79 
28 | 
Us 
01 
99 
9° 
99 
RO 
62 


110 


Test Da li.v Fast. 

person ee Date Per. os Val. | 3’ | 5’ | 15’| 20’ | 25’ | 30 

No. Ili.v mg % | 
32 |17/6—-39 | 4/2 —49| 88 | 270 179| 148] 132 
60’ 89 | 258 182) 171} 144) 134 
Per. os os 99} 109 125 
135’ 109 120 
II i.v — | 306 182) 155) 143) 118 
— | 302 173) 164} 139) 118 
32 17/6—39 | 31/1 —49 I iv. 97 | 258 144; 137] 118) 100 
60’ 95 | 247 141} 137} 118) 100 
Per. os _ 93 120 137 
120’ _ 91 124 132 
II iv — | 262 164} 130) 118) 93 
— | 245 123] 116) 93 
33 2/6—46 3/2 —49 I iw. 78 | 254 187| 152) 117} 114 
60’ 78 | 248 183} 151; 117} 105 
Per. os. _ 78| 105 110 
120’ 76| 101 108 
II i.v _ 225! 110} 80) 63) 53 
212} 105; 80) 62) 54 
34 18/6—41 30/10—48 I i.v. 93 | 152 134] 122) 111) 106 
60’ 88 | 148 134] 120] 113) 99 
Per. os = 97| 136 164 
130’ 101; 143 164 
II i.v. — | 209 136} 119) 106 
75’ — | 195 131} 113) 99 
III i.v. — | 163 124) 110] 95) 90 
— | 164 117| 101) 95) 90 
35 16/2—43 | 22/9 —48 I i.v. 89 | 308 192] 173) 149) 133 
60’ 85 | 302 169) 147) 130 
Per. os _ 85) 100 78 
120’ 85) 89 71 
II i.v — | 298 147) 112} 96 
— | 286 169} 140) 112) 94 
36 28/10—38 | 21/9 —48 I iv. 92 | 285 205! 179] 170) 128 
60’ 90 | 275 199} 174) 170) 121 
Per. os -- 80} 89 112 

120’ 80} 89 

II i.v — | 248 161| 126) 94) 99 
— | 244 161} 124) 90) 94 
37 23/8 —44/| 30/9 —48 I i.v. 100 | 317 218] 194] 169) 164 
40’ 100 | 307 214) 174] 169) 158 
Per. os _ 109} 107 114 
120’ a 103} 112 116 
II iv — | 334 178} 162) 149) 121 
— | 315 178} 160} 147) 120 
38 8/8 —43 | 29/9 —48 I i.v. 87 | 250 195] 179] 165) 145 
60’ 87 | 248 192) 177| 163) 141 
Per. os. — 74| 126 159 
90’ -- 74| 122 159 
II i.v. — | 254 179} 165} 154} 145 
— | 240 172} 174] 152) 143 


96 


(Cont 


94 


126 


|_| 
| 35 15’ 50 
120) 115 9: 
120] 155 
141 
136 
113] int | 
117 
88 73 
71 
115 
113 
93 3 
93} 44 
110 i 76 
101; 4 74 
107 
1107 
04; 67/8 go 
54 78 
92 
86! 86 
157 
| 157 
93} 81 
93) | 
79| 
83) 31 
107} 10; 
105) 10 | 
| 
1105 
89 | 
85) 87 
% | 
107} 90m | 
94) 
80) 76 
80) 72 
140; 12( 
137) 111 
|| 
116} 107 
112} 105 
136) 14 | 
133) 112 | 
126 
124) 
126) 119 
118 
1 


111 


-E (Continued) 
Length|Length| | 
15’, 50’ |60’| 65’| 75’| 90’ | 1201135’ 150} I II |Kat.% 
| min, min, 
| 
93 | 73 | 46 
90 | 73 0 
111 108] 109] 117 46 
136 109 104] 106} 123 
| 99 
| | 701 80 30 
81 
115] 111 120] 120 
113} 109 120| 121 28 
| 
| 76 | 72 38 
| 74} 72 55 
107 99 90} 105 17 
107 99 85) 105 
80) 
75 31 
| 74 
157|  |163 90] 122 0 
157) 161 90] 122 
83 | 31 
86 | 
82 41 | 
75 
109 112 87] 100 32 
105 112 | 87| 94 
| 28 
76, 38 
74 
94 98 105] 94 37 
94 98 101] 94 
24 
392 
126 144 128] 120) 23 
142 128] 
302 
81 48 
79 
126 112 110 | —6 
124 112 110 | 
90 51 | 
| 


1 Falling time to 120 mg%. 


4 
6 
8 
8 
8 
l 
q 


Test 
person) 
No. | 


39 


40 


41 


| 


44 


45 


12 
rABLE 
Li.v. Fast. | 
— Date Per. os Val 3’ | 8’ | 15’ | 20’ | 25’ | 30’ | 35’ | 46 
IIT iv. mg | 
3/6 36 | 16/10—48 I 87 | 180 140] 131] 123] 107 95 
60’ 87 175 139] 124] 119] 112) 102 93 
Per. os 84, 98 121 
140’ 82) 98 119 
II iv. 175 117} 117 91] 84) 34 
| ios 178 119} 116} 104] 89) 82 xy 
23/1 —45 | 28/10—48 I iv 84 188 146} 125] 119] 117| 102) 99 
90’ — 173 138] 125) 119] 119) 106) 99 
Per. os cit 111 110 132) 
135’ 111 106 132) 
II i.v. 191 131] 117) 110) 97) 9 93 
= | 125] 113] 106} 90] 92 8 
1/7 —35 | 20/10—48 I iv. 96 | 172 156| 154) 143 133| 126) 129 
60’ 92 | 170 156] 153) 138] 135) 126 129 
Per. os 92} 103; | 110) 
120’ - 92} 101 | 
II 199 134! 112) 99) 96! 9 
85’ ~ 183 133} 110] 97) 94 
III 129] 120] 99) 103] 105 103 
— 129} 112} 99] 105) 103 
26/7 —37 | 19/10—48 I inv. 82 | 166 130] 116] 105] 96) 91 85 
60’ 82 | 166 126| 114) 105} 94) 87 84 
Per. os -- 85) 114 133) 
130’ 85| 116 135) 
II icv. — 192 140| 124) 105) 91) 84 w 
75’ 189 144] 121] 105 89) 78 
III iv. 156 116] 109} 98] 87| 85) 64 
— | 155 109| 105] 93] 82| 82° 6 
12/9 —46| 12/2 —49 I iv. 82 | 256 147} 118] 110] 105) 71 
60’ 76 250 142! 118} 112! 100! 69 
Per. os — 80} 109 123 
180’ = 73| 114 126 
II iv. — | a 138] 118] 112] 105; 89) 387 
— | 26 140 109} 98] 89] 85 
16/11—17 | 14/6 —49 I iv. 98 | 245 204] 187| 165) 162} 146) 137 
70’ 98 | 236 200] 185} 165] 160} 146) 135 
Per. os — 96) 115 140 
200’ — 100} 119 138 
II icv. — | 904 146] 126] 115] 105] 98] 91 
194 126) 114] 100) 93) 89 
16/5 —38 | 26/6 —49 I iv. 91 219] 169] 151) 135} 117] 116) 100 
70’ 89 219] 167] 149] 135] 117! 107| 99 
Per. os | 80 
water 
130’ i 78| 73 84 | 
| 251 171| 153] 140] 124) 112 
II icv. | 247 153] 148] 126 | 110 


| 
3 (con 
= | 
| 145 
144 
| 
| 
| 
| 129) 
| 
94 
92 | 
42 | | 
| 138) 
140 
| 
| | | 
|= 
116 
1114 
| 1 
| 
| 1 
| 155 
| 1153 
| 
| 82 
| 82 
= 


3 (Continued) 


50’ 


13 
14 


8 
0 


113 


69 
60 


85 
85 
117 
114 


84 
84 
80 
82 


98 
93 


60’ 


65’ 


80’ 


90’ 


120’ 


130’ 


150’ 


155’ 


175’ 


Length 
I 
min. 


Length 
II 
min, 


84 
82 


102 
103 


78 
78 


112 


97 
85 
119 
119 


96 
108 


94 
91 


122 
122 


110 
110 


88 
88 


119 
122 


102 
100 


86 
89 


95 
93 


62 
60 


107 
105 


51 
49 


94 
94 


37 


56 


28 


35 


70 


40 


26 


28 


27 


30 


34 


24 


48 


14 


| 
| 75’ | = | = - - 
| 
95 | | 91 | | | = Cl | 
93 | 89 | 
| = | 
| 
sd 86 | 37 | | 
125 111 | | | 
| | 
120 | |_| 
120 9 | 
92 92 | | 29 
| | | | | | 
103 | | | 
) 80 | = 
. 75 | 
124 | 4 
|124 
82 | 75 | = 
| 75 
4 | 
65 | | = 
69 | | 65 | | | | | | | | 
116/11 23 = 
87 | | | 
| | 
EL 
100 | 82) |. 
49 78| —15 
| 82} | 82! | 
| 82 80 a i 16 | 
89] 91 | 
12/8 | 87 


114 


Test 
person 
No. 


Birth 
Day 


Date 


46 


46 


46 


47 


48 


48 


49 


49 


50 


29/3 —46 


29/3 —46 


29/3—46 


6/6—41 


29/3 —37 


29/3 —37 


13/6—20 


13/6 — 20 


12/1—19 


12/1—19 


16/1—48 


17/1—48 


11/2—48 


27/7—48 


30/7—48 


9/3—48 


8/3—48 


28/3—47 


30/3— 47 


30/1 —48 


19/1—48 


I icv. 


Per.os. 120’ 
ILi.v. 
li.v. 

60’ 
Per. os. 


Fast. 
Val. 


mg % 


96 


102 


3’ | 5’ | 10’ | 15’ | 20’ 
271 228] 198) 155 
263 217| 191) 153 

108 129 

108 129 
244 186! 168) 148 
231 180} 148 

91 112 

89 109) 

119 130 

118 128 
210 171} 130) 99 
193 159} 118) 95 
212 188} 161 
212 183} 168) 158 

99 103 
163 134 105! 90 
245 216} 198] 180 
241 214] 196} 172 

101 144 

103 142 

115 154 

122 152 
269 216] 168) 172 
261 210! 167] 168 
192 248} 225) 212 
288 242} 223) 212 

99 130 

100 126 

94 138 

98 131 
317 277| 221| 187 
317 261| 217} 185 
237 189] 183 
234 207| 183) 182 

105 115 

102 115 

79 111 

86 111 
199 146} 126) 95 
189 143} 118) 97 


77 

77 
147 
140 


87 
165 
162 


129 
124 
193 
183 


88 


84 


30’ 


TABLE 


105 
105 
141 
139 


108 
105 
135 
133} 


81 


108| 
101) 
132} 
126 


Per. os. 25’ | 2s’ | 4 
iv. | 

| liv. | 147 131) 117/102 

60’ 94 138! 126] 114 } 
Per. os. | | 140 : 
137 

I iv. 77 139| 116) 102\ 89 

60’ 79 132} 114) 86 
Per. os. | 132 1! 
| | 126 
90’ 134 
II i.v. 668) 

| 68 66 72 
= 90 134) 199 1 
60’ 85 134) 197| p12) 1 

78, 764 74 
= 91 145! 138 128 1 
94 140, 135) 13 
| 91 ; 
92 
05. 92 | 129 1 
60’ 87 1 
II 112 

108 

60’ 88 159 
Per. os. 114 | 
| 150’ 112 ft 
| 150’ 89 108 | 12 
II 156] 129) 
| 156| 126 
50 I iv. 91 180| 167, 140) 13 
60’ 91 171| 165| 22 
Per. os. 126! | 12 
124| | 11 
Per. os. 77 By. 
120’ 75 141| 
Il icv. si) 6 
60° m| sp! 


75| 61) 61 


ntinued) 


97|101 
| 96 
119/104 
111/102 


63 


71 
67 


100 


117 


110 
110 


105 
111 
92 
96 


112 
107 


100 
100 


: Length | Length 
150 I II |Kat.% 
min. min, 
40 
85 50 
85 
34 
62 
59 
20 41 
47 66 
16 
54 
82 
78 22 
42 
53 
90 
99 
89 30 
82 
37 
62 
73 
67 
68 
20 


115 
iii” 
| 45 75° | 80’ | 90’ | 
11102; 91] 84) 89 | | 
(14 94, 87| 85} 84 | | 
i29 110 91] 93) 
128 105 96} 87 
89! 77) 64) 57 
|| 86, 75] 64] 55 
107 102 102} 77 
{07 102 «673 
109 104 
100 
ge | 77| 77) 70} 81 
gg 70) 68) 77 
$115) 106] 96) 97 
101) 94) 99 
130} 127 (97 
76) 691 65 
$128 112/107] 91 | 
1121105| 
65 100 112 
69 107 112 
| 106 103 
106 99| 
105) 108 83) 
105) 88 
91 
139) 97 
697] 99 111 
| | 95)  |102 102 
| 115} |113 89 
| | 120) 112 89 
108! 87 89| 94] 69 
105 85] 94) 69 
135 hao 135/119}110 
1331 137| 126/122/115 
129) | 108 
119) 115 112 
| 148} 135 | 79 
146 1130) 79 
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Introduction 


Since Kocn’s discovery of tuberculin, in 1890, and especially 
since PirqueEt, in 1907, demonstrated its significance as a diag- 
nostic aid in tuberculosis, this substance has become. one of our 
most important medical. adjuvants. In tuberculosis of children 
tuberculin is of very great value. 

The world literature on tuberculin problems is almost un- 
surveyable now. Assessment of the reports is rendered difficult 
owing to a great number of the papers being based on unreliable 
technique, and the authors seem to have drawn too wide, specula- 
tive conclusions. The results of the workers who have studied the 
same theme are therefore sometimes quite contradictory. 

In the present work the author has studied the influence of 
dermo-anatomical factors on sensitivity to tuberculin, as well as 
the tuberculin sensitivity of patients with rheumatoid arthritis. 


The Mantoux reaction in capillary-microscopical 
and histological light 


The local course of events after intracutaneous tuberculin 
injection (Mantoux) has been studied »capillaroscopically» (micro- 
scopically) in vivo by Lape (1921) and histologically by BANDLER 
and Krersicu (1907). 

LapE made an intradermal ‘injection strictly lege artis 0.1 mg. 
old tuberculin. He studied the course of the reaction under a 
binocular microscope, with a magnification of 35, using a drop of 
liquid paraffin on the skin and in direct sunlight. He describes his 
observations in detail: 

After 6 hours the actual tuberculin reaction becomes visible. 
The flush increases, the vessels dilate and become less distinct. 
In the border zone the capillary loops are more defined. 

The process develops and extends. The redness spreads to the 
periphery and the vessels become indistinct, and after 12 hours 
well filled vessels are seen in the border zone. 

After 36 to 40 hours the reaction is at its maximum. The skin 
is attenuated. 

After 2 4 to 3 days the periphery becomes lighter. 

On the 3rd to 4th day scaling sets in. 


In BanDLER and Krersicn’s histological investigation the 
following was observed: 

Primarily a minimal capillary injury resulting in effusion of 
blood in the injection channel. The adjacent vessels become 
dilatated. (An exactly similar reaction was observed after injection 
of saline.) MULiLeErR’s (1939) capillary-microscopical studies show 
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that intradermal injections cannot be given without injuring 
the capillary wall. 

After 6 hours the actual tuberculin reaction sets in. Stasis 
occurs in the deep capillaries, the papillary and subpapillary capil- 
laries dilatate. 

The inflammatory flush spreads, an inflammatory exudate is 
formed which distends the tissues (formation of papillae). 

The maximum effect is reached after 2 days. 

Also Bsornstap and BonNEvIER (1940) consider that the 
stratum subpapillare is the principal site of the Mantoux reaction. 

Oriucui (1938) produced a Mantoux reaction in the skin of the 
axilla in 19 patients, excised that part of the skin, and examined 
it histologically. He found basophil granules in the tissue (Gewebs- 
mastzellen) which, similarly’as leucocyte cells in the blood (Blut- 
mastzellen), may be antagonistic toward the injected tuberculin. 

The histological and capillaroscopical investigations are com- 
plementary and the results agree with the common clinical 
observations. The results of capillary dilatation and inflammatory 
exudate are infiltration and flush, which are typical of the 
Mantoux reaction. 


The responsibility of the skin for the tuberculin 
reaction 


WorINGER (1928) and BirkHauG (1942) consider, on the basis of 
the literature and their own investigations, that tuberculin allergy is 
a function which is not connected with the immunity of the skin. 
Ceputic and PinNER (1921) are of the same opinion, but Brok- 
MAN and PROKOPOWICZ-WIERZBOWSKA (1926) maintain that the 
skin plays a passive role. 

As the views of other authors differ as well, a further study 
of this problem was considered indicated. 


The tuberculin sensitivity in different parts of 
the skin 


WorINGER and Sara (1929) performed tuberculin tests in 
children with tuberculosis of the glands and of the joints, simul- 
taneously in different parts of the body, but using the same tech- 
nique (Pirquet). The infiltrations were measured twice daily, and 
variations in the intensity and rate of, development of reactions 
was observed. 

The weakest reactions were found on the face and the insides 
of the hands, and the strongest on the trunk. As examples of the 
size of the tuberculin reactions the following may be cited: 


Ventral Dorsal 
Chest .... 17—11 mm. 20—14 mm. 
9-9 » Loins .... 18—10 
Arms 9-9 Buttocks .. 14—14 
6—6 » Thighs .... 15—15 
Cheeks 4—4 » Calves .... 11—11 


The reactions on the abdomen were almost the same size as on 
the chest, and on the forearm about the same as on the upper 
arm. As the injections were given segmentally no difference was in 
general observed between the ventral and the dorsal side. 


Rackwitz (1934) made Pirquet tests on the trunk of tuber- 
culous patients. In 52 per cent of the cases he found a stronger 
reaction on the chest and abdomen than on the arms and legs. 

Studying 130 patients Ferra (1933) found that the skin on the 
chest and abdomen was more sensitive to Mantoux than the skin 


on the forearm. However, the difference was not invariable. 
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SaLmony (1921) made Pirquet tests in 21 patients on the 
skin of the chest and in two places on the forearm (5 cm. from the 
elbow joint and 5 cm. from the wrist). 


Chest Pirquet stronger than forearm Pirquet: 16 cases 
» » strongest of all arm Pirquets: 4 
» » less than upper arm Pirquet: 6 » 


REICHEL and MILBRApDT (1931) performed Mantoux tests in 4 
palients and gave the following reaction results: 


Age of patient Forearm Chest 
61 years 6 mm. 17 mm. 
75» 7 » 12 » 
70 12 » 18 » 
63 » 10 » 16 » 


WALLGREN (1924) examined 111 tuberculous children, using 
Hamburger’s ointment test. In 57.8 per cent the reactions on the 
chest were stronger than on the flexor side of the forearm. OrEL 
mentions the same occurrence in Handbuch der Kindertuberkulose 
(1930); this is probably based on WALLGREN’s observations. 

PrERRE-BourGEo!Is and Boguet (1941) found that the reac- 
tions, performed symmetrically, varied in the different regions, 
being stronger in the deltoid than in the scapular region and the 
lower limbs. 

In a previous work Wasz-H6ckert (1945) mentions having 
found in 276 healthy soldiers, 240 of whom were positive to Man- 
toux 1: 15,000, read after 72 hours, as follows: 


Stronger Equally Stronger 
on the arm strong on the back 


Mantoux infiltration .... 25 28 187 


The average of all Mantoux reactions, read after 72 hours, 
was 113 sq. mm. on the arm and 153 sq. mm. on the back. 
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Depth of skin 


The depth of the skin is intimately connected with the question 
of the capillary density, i.e. the capillary meshwork is in general 
less close in deep skin and, as seen from the foregoing, the tuber- 
culin reaction stronger. 

The sole of the foot and the inside of the hand are exceptions 
as the skin is coarsest here (ScuiscHa 1900, SPALTEHOLTz 1922) 
but the tuberculin sensitivity is weak in these parts (WORINGER 
and Sata 1929). However, as shown by MULLER and his school, 
these areas are subjected to strong mechanical irritation and due 
to this fact a greatly increased vascularization and an intensified 
circulation is present. 


Density of lymph vessels and other local factors 


The origination of the tuberculin reaction is undoubtedly the 
result of a complicated interaction between several different 
mechanisms acting locally and systemically. The capillary system, 
previously mentioned, is thus not the only factor although its 
role has been carefully examined in this investigation. 

According to Rackwitz (1934) the circulation of lymph plays 
an important part. The part taken by the lymphatic system has 
been specially studied by Laporte (1943, 1946) who found that 
B. tuberculosis, injected intravenously without being in contact 
with lymphatic vessels does not produce tuberculin allergy. 
BrancH and Curr (1930), and Hupack and McMaster (1933) 
observed the significance of the lymphatic system. 


The importance of humoral antibodies in the origination of 
allergy has been studied in stimulation and inhibition of the reti- 
culo-endothelial system (RES.). A connection between the two has 
been shown by the use of several different methods. Inhibition of 
the RES. decreases tuberculin allergy and stimulation of RES. in- 
creases tuberculin allergy. In the experiments, blocking with dyes 
(Indian ink, Congo red, trypan blue) has been carried out, as well 
as splenectomy, X-ray radiation of the spleen, cholesterin diet etc. 
(KawacutT1 1938, Lonco and BorGuese 1941, ALrétpy 1942, 
and a number of authors quoted by ANZALONE and PaGANo 1940.) 

The importance of the cellular tissue has been studied with 
the aid of »spreading-factor» tests. Testicular extract, for instance, 
increases the resorption by the skin, with a resultant weakening of 
the tuberculin reaction (Fiocco 1936), and the same results are 
obtained with hyaluronidase (AsBoE-HANSEN 1950). 
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A number of investigations have been done with vitamin C. 
The reactions are impeded by vitamin C, given by mouth or intra- 
venously (HetseE, MARTIN and ScuHwartz 1937, BirkHAuG 1939, 
Loneo and BorGHeEseE 1941, CATTANEO and LLIN! 1940, among 
others), but stronger reactions are obtained if vitamin C is injected 
together with tuberculin than if tuberculin is given alone (CEPULY 
1940 and NeGroni 1944). 


Factors in the anatomy of the skin which may 
affect the sensitivity to tuberculin 


Depth of skin 


ScuiscHa (1900) has shown that the epidermal thickness varies 
sreatly in the different parts of the body: 


Depth in mm, 


Part of body Over the papillae Between the papillae 
0.525 —0.600 0.575 —0.625 
0.425 —0.500 0.473 —0.565 
Lateral surfaces of fingers .... 0.160 0.200 
0.0210 — 0.0236 0.277 —0.0336 
Below Claviele 0.0210 — 0.0378 0.0210 —0.0504 
Flexor side of forearm ........ 0.020 0.0333 
Flexor side of wrist .......... 0.133 0.173 


These figures are given by MULLER (1922 and 1937) in his 
comprehensive monographs on the capillary system. 

The depth varies in the different individuals and due to differ- 
ences in technique of measurement. SpaLTEHOLTz (1922), for 
instance, estimates that the depth in the sole of the foot is 2 mm., 
in the palm of the hand 1 mm., and in other parts of the skin 0.07 
to 0.17 mm. 

LopEMANN (1934) observed that the epidermis on the dorsal 
side of the body was deeper than in the corresponding regions on 
the ventral side. His estimations of the depth of the corium are 


» » Sacral region 3 » 
abdomen.... 


on the chest ...... 2 mm. 
2 


Capillary density 


In studies of the anatomical and physiological conditions of 
the capillaries, capillaroscopy has been used in particular. After 
the introduction of this method by Hvueter, in 1879, it has been 
further developed by LomBarp (1912) and M&LLER and his school. 
Furthermore, through microphotography permanent objective 
evidence and records have been obtained. 

NESTEROW (1929), with the aid of these capillaroscopica! 
examinations, estimates the capillary density as follows: 


Hand and forearm........... 44 capillaries per sq.mm. 
23 » » 


MULLER’s results agree with NesTreRow’s in that Akra 
starker kapillarisiert sind als der Rumpf». 
WENTZEL and ZoTTERMAN (1926) report the following results: 


Around mouth .............. 20 » 


These capillaroscopical observations are thus in agreement. 
LopEMANN (1934) performed histological serial sections and 
gave the following results: 


50 papillae per % cm. 
40 » » » 


MULLER (1922) gives capillaroscopical photographs of different 
regions, two of which are reproduced here. According to him the 
capillary density is analogous on the back and chest. 


Normal skin 


Extensor side of forearm 
Magnif. 60 


Normal skin 


Chest 
Magnif. 60 
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Density of lymph vessels 


The density of lymph capillaries per visual field is about equa 
to that of the blood capillaries in the same area (HEWER 1947). Thu: 
the density of lymph vessels is probably greater in the skin on th. 
forearm than on the back. 


Anatomical conditions in skin on back and forearm 


The parts of the skin, subjected to investigatibn in this pape: 
the skin on the forearm and on the back, differ in anatomical struct - 
ure, as seen from the above. It differs in depth, density of capillarie 
and lymph vessels. In the skin on the back there are not so many 
»organs» (sebaceous glands, hair follicles, sweat glands, muscles), 
LopEMANN (1934). 

MULLER and his school have shown that vasomotor instability 
and psycho-somatic disturbances greatly affect the capillary find- 
ings in capillaroscopical examinations. But LENNARTz (1921), 
Hintze (1921), and especially Carrier (1922) have shown thai 
the capillary density in healthy people varies and that some 
capillary loops in the visual field are not filled. This occurs parti- 
cularly in women (HINSELMANN Haupt and NETTEKOVEN 1921). 
Mechanical irritation, stasis and temperature, dermographia, 
pressure, adrenalin, histamine, pituitrin, acetylcholine, nitrite and 
urethane (CARRIER 1922) affect the capillary status. 
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The dependence of the tuberculin sensitivity on 
other factors 


Physical factors 


SaLmony (1921) studied the influence of local hyperaemia and 
anaemia of the skin on the Pirquet reaction in tuberculous children. 
She induced local capillary hyperaemia with the aid of mustard 
paper, suction clock or hot sandbags. The Pirquet reaction was 
weaker than in the control tests, whereas with Bier’s stasis the 
reaction was stronger. She also induced capillary anaemia with 
Esmarch’s bandage and intracutaneous injection of adrenalin. The 
Pirquet reaction was considerably stronger. In stasis tests CIMMINO 
(1928) obtained the same results as SaLMony. But, in venous hyper- 
aemia (stasis) ReicHeL and Miitprapt (1931) observed weaker 
reactions. They got stronger reactions in hyperaemia tests (bath). 

SEEBERG (1947) studied the effect of freezing the skin with 
carbon dioxide on the tuberculous allergy in 13 patients and found 
milder reactions to different dilutions in all the patients. According 
to Binc, CARLSTEN and CHRISTIANSEN (1945) capillary dilatation is 
caused by freezing. 


Radiation equivalents 


GENOESE (1927), TALON-CHAUVEAU, VALTIS and TALON (1927), 
Mepow1korF (1930) and SHinpo (1938) found reduced sensitivity 
to tuberculin in skin exposed to sun-rays. MIcHAILOWSKIJ (1927) 
observed no difference, but on an interval of some considerable 
time, after exposure to sunlight, the reactions were stronger. SEE- 
BERG (1947), with careful technique, found distinctly weaker reac- 
tions in sunburnt skin. 
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A number of investigators, some of which are surveyed by SEr- 
BERG, have shown that ultra violet radiation diminishes the reac- 
tion to tuberculin, even complete anergy may be observed. SEer- 
BERG'S Own investigations verify the former observations. 

Roentgen radiation of the skin increases, on the other hand, 
the tuberculin reaction (ABRAMOwITz and RaBUCHIN 1928, 
BonnANo 1929, Conrap 1932, FuNpARO 1937). 


Drugs and hormones acting on the autonomic nervous 
system 


In their summarising article ANZALONE and PaGaANo (1940) 
— with good reason — state that this part of the tuberculin-allergy 
is incompletely studied, and the results do not justify far-reaching 
conclusions. 

The question will however be reviewed briefly, as a numbe! 
of the preparations are capillary regulating, and as the most recent 
investigations into rheumatoid conditions seem to approach the 
hormonal question. Allergy may largely be connected with, 01 
dependent on the autonomic nervous system — this is an opinion 
voiced by Ceputic (1940). 

Adrenalin, the effect of which is vasoconstrictive, has also 
been tested with regard to practical tuberculin diagnostic work. 
On addition of adrenalin to tuberculin, stronger reactions have 
been observed by Bouveyron (1921, 1932), BENrivoGxio (1931), 
PLatonow (1935), KLosrEr (1935), HANSEN (1937), BsornsTap and 
BonNEVIER (1940) and Ceputic (1940), among others. HANSEN’s, 
and particularly BuorNstap and BonNeEvVIER’S investigations are 
so comprehensive that the significance of indefinite or contradictory 
results is decreased, as mentioned. Addition of adrenalin for the 
purpose of increasing the effect was suggested at the B.C.G. meeting 
in Copenhagen, in 1949 (Ustveprt), for Pirquet tests. Ephetonin 
and epinephrine, with analogous effects to adrenalin, do not affect 
tuberculin allergy to any extent when given parenterally (MARIANI 
1941, and Mariani and INcRaRo 1941). 

Atropine, with vasodilatative effect, injected parenterally, 
increases the sensitivity to tuberculin (MarIANI 1941, and MarRIANI 
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and IncrRARO 1941), as do morphia and caffeine (PERMJAKOW 
1926). 

Guior and (1941) observed diminished tuberculin 
allergy on blocking of the sympathetic. 

Hormones, in general, seem to stimulate or increase the tubercu- 
lin sensitivity. Illustrative examples are given by Ceputic (1940), 
who studied the tuberculin allergy in persons with thyrotoxicosis 
and diabetes in whom the tuberculin reaction was positive or 
stronger after injection of hypophysin or insulin. Extract of hor- 
mone secreting glands and pure hormone preparations such as 
thyroxin, thyroidin, hypophysin, and sex hormones increase the 
tuberculin allergy (PLATOoNow 1935, SyLLa 1939, 1940, 
Epi1io 1941). The effect of thyroid extract is particularly marked 
in this respect. Animal tests with thyroidectomy or supply of 
ihyroidea point in the same direction (ScHITTENHELM and BAUER 
1935, VieTHEN 1936, Lucacer 1940, LeNTINI and Spina 1940). 
This is due to the influence of the thyroid gland on the ability of 
the skin to react, according to LENTINI and Spina (1940). 

Three groups of guinea-pigs were tuberculin tested by LENTIN«1 
and Spina: 1) castrated animals, 2) animals given corpus luteum 
and 3) animals given folliculin. The castrated animals reacted 
strongly, as did the second group, but in the third group the reac- 
tion was weaker than in the others. 

The female sexual cycle probably influences the tuberculin 
allergy. During the first days of menstruation the tuberculin 
allergy is weaker (Conrorto 1937), and during the last stage of 
pregnancy, as well as during the first days of puerperium the 
allergy is considered to be less (STERN 1910, Bar and DEVRAIGNE 
1911, Nosecourt and Parar 1920, Pariso 1938, and others). 
These results have not been verified in recent investigations, how- 
ever (Conn 1942 and LicHTENSTEIN 1942). No difference was 
found in pregnant or non-pregnant animals in tests performed by 
INGIULLA and (1941) and WapeE (1942). This question is 
still unsolved, according to Ricu (1946). 

It has been mentioned that constitutional factors affect the 
size of the reactions (KLARE 1935, SEIFFERT 1938, IckERT 1940 
and HOMMEYER-BRENTANO 1946). The sensitivity is also changed in 
schizophrenic patients (BLomevist 1940). 
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Owing to its central place in the chemical physiology of the 
reactions of the skin, the relation of histamine to tuberculin has 
been closely investigated. RoBerts, in an unpublished microscopical 
work, which has been cited in Macleod’s Physiology, observed that 
histamine, the physiological effect of which has been principally 
elarified by Lewis (1927), increased and dilatated the capillary 
loops from 25 visible loops to 70. The effect of histamine weaken: 
the tuberculin reaction (BRETON 1943, EuLER 1947, and others) 


Other general factors 


Some other factors, in addition to those already mentioned. 
affect the tuberculin allergy considerably, and must now be treated. 

At the XII meeting of the Nordiska Tuberkuloslakarfoéreningen 
in Stockholm, in 1941, LemminG, discussing the importance of 
negative tuberculin reactions suggested the following classifica- 
tion: 


1, Absolute { In an individual who is not, and has not been infected with 
anergy | tuberculosis. 


Anergy in the stage of incubation. 
A. Temporary anergy 
1. in connection with certain infections 
2. after tuberculin treatment of long duration (BirkHaue: 
iathergy). 


B. Negative anergy 
1. in advanced forms of pulmonary and miliary tuber- 
2. Relative culosis and tuberculous meningitis. 


anergy 
C. Positive anergy (Hayek) 


1. in active tuberculosis without cachexia 
2. in clinically healed tuberculosis 
(especially age-anergy). 


D. Positive, specific anergy (JADASSOHN) 
in morbus Schaumann? 


The table is instructive and is given in full as certain points of 
connection are found with the following. 
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Various tuberculins and tuberculin tests 


Comparison of the results of tuberculin tests performed by 
various authors is rendered difficult, due to the methods and 
criteria for positive reactions being inadequately described, and also 
owing to the use of varying tuberculins. Tuberculin tests in the 
same individual with different tuberculins and methods naturally 
give different reactions. 

Kocn’s old tuberculin is still in general use, but as it is pro- 
duced in different laboratories all over the world, its action is not 
the same. Since the days of Kocu some new tuberculins have been 
produced, particularly in Italy, South America, Germany and 
Japan. American investigators, with a view to eliminating un- 
specific protein components in the old tubercul'n, after leng hy 
investigations, found a purified protein derivative, PPD. FLORENCE 
SEIBERT’s first report on PPD. was published in 1934. Since then 
she, together with her co-workers, have proceded assiduously 
and in 1948 Serpert stated that she had arrived at a »more 
specific diagnostic reagent», and therewith ruled out pseudo- 
reactions. Another new tuberculin, frequently mentioned in the 
American literature and introduced by Corper (1941) is called 
pautolytic tuberculin» and is used in particular in the »transdermal 
or transcutaneous tuberculin test» (TTT). 

In addition to the classical Pirquet, Mantoux, and Moro tests, 
some other tuberculin tests have been adopted, but in the case of 
theoretical, exact examinations, the Mantoux technique with 
different dilutions seems to be the most reliable. 

In assessing the literature on tuberculin the factors (different 
methods, different tuberculins) should thus be closely observed. 
This has been particularly stressed by Hotm (1934) who in his 
well-known work goes thoroughly into the question of stan- 
dardization. During later years international standardization 
of tuberculin has been discussed (WHO, 1948), also technical 
questions about tuberculin (European BCG-meeting, Copenhagen 
1949). 


Different stages of tuberculosis 


Since ELLERMANN and ERLANDSEN (1909) and Pirquer (1914 
introduced graded, quantitative tuberculin tests in patients with 
tuberculosis in different stages, a number of investigators have 
studied a large series for the purpose of determining »allergometric- 
ally» the activity of the process by tuberculin titration. In the 
literature opinions differ regarding the value of such examinations. 
It can now be definitely said that a certain clinical-pathologica| 
process does not correspond mathematically to a certain tuberculir 
allergy. The tuberculin allergy varies during the course of disease, 
as numerous investigations show. 

The »focus theory», i.e. stronger allergy, closer to the tuber- 
culous focus than further away — has not been proved to be correct 
in extensive investigations (SANTI 1933, FerR1A 1933, HERTZBERG 
1934, among others). 


Different ages, epidemiological and social factors 


The age distribution influences the tuberculin sensitivity; this 
is probably connected with different liability to infection and 
morbidity. The tuberculin positive curves from different countries 
show, however, largely similar traits. 

Epidemiological factors play a part as the tuberculous infect- 
ivity percentage varies in different countries and in different 
parts of the same country. The percentage always differs in towns 
and rural district. SAVONEN’s (1937) investigation of these questions 
seems to be the largest. 

The figures giving the incidence of tuberculin positive reactions 
in different classes of society, living within the same area, differ 
as well. Children from the slums and from well-to-do homes show 
quite different tuberculin figures, which is seen from the literature. 

Geographical and social factors may be related to nutritional 
conditions. The effect of the composition of the food on tuberculin 
sensitivity has been investigated by BoNnNANo (1937), TouRBINA 
(1940), and a diet of carbohydrates has been found to produce a 
strong tuberculin allergy, and a fatty diet a weak tuberculin allergy, 
and that the alkalic-acid balance plays a part. 


27 


A group of the population which everywhere shows a charac- 
teristic tuberculin reaction comprises people in presenium and 
senium. Investigations into this question have been carried out in 
several quarters (MULLER-DEHAM and 1929, ReIcHEL and 
1931, Hervitz 1939, LEmmine 1941, Coste, BERNARD 
and Hervat 1941, Coury and MARLAND 1948, and in Finland 
ANTTONEN 1941). The cause of anergy and dysergy to tuberculin 
in the aged has been explained partly by the tuberculous processes 
in these being completely healed (LEMMING) or by a generally 
reduced ability to react in the atrophied skin (MULLER, DEHAM 
and JOKL). 


Tuberculous or other cachectic conditions, physical exhaustion 


Already Prrquet (1908) and Mantoux (1910) observed that 
the tuberculin allergy in cachectic patients, during the most diffi- 
cult final stages of tuberculosis, was reduced or no longer present. 
The same circumstance has been observed in moribound or ca- 
chectic patients with non-tuberculous etiology (e.g. cancer). Trans- 
ient anergy or disallergy has been observed after great physical 
exhaustion in muscular strain (MARTINI-DUBOUSQUET and GROL- 
LET 1941). 

Musaccuio (1940), Brosius and WooprurrF (1944), and Woop- 
RUFF 1946 and 1947) report histopathological findings on examin- 
ation of severely ill tuberculous patients who, immediately be- 
fore death, were anergic, and found many acidfast bacilli in the 
sections and also in the sputa of anergic tuberculous patients, 
whereas the sputa of the super-allergic contained only a few bacilli 
(WoopRuFF). 


Seasonal and daily variations 


It has been said that there is a seasonal variation in the tuber- 
culin sensitivity, the allergy being greater from December to July, 
(HAMBURGER 1920, and PeyrEeR 1921). Variations at different 
times of the year were found by Haanti (1933) in a large number 
of cases, but he was not inclined to call them seasonal variations. 
SAVOLIN (1934) mentions similar occurrences. In a very instructive 
report, Howe (1938) shows daily irregularities in connection with 
daily diastolic blood-pressure levels». 


Racial factors 


In the investigations reported from the USA, where the cases 
examined often comprise individuals from different racial groups, 
variations have been observed. DAHLStrom (1940) found that the 
tuberculin sensitivity of Italians and Negroes was lower than 
in other races. 


Certain diseases and drugs 


Since Pirguet (1908), and Mantoux (1910), reported that 
tuberculin allergy becomes weaker in measles similar observations 
have been made by various investigators. According to the reports 
measles, whooping cough, German measles, scarlatina, paratyphus, 
diphtheria, influenza and malaria reduce the tuberculin sensitivity. 
Furthermore, weak allergy is described in diseases with malignant 
tumours, gastric ulcer, and syphilis, and increased allergy after 
surgical operations, in diabetes and goitre. The anergy in Boeck’s 
sarcoid has been closely studied. 

The action of certain hormones and drugs on the tuberculin 
allergy has already been mentioned. Quinine (VERGER 1941), 
cysteine and sodiumthiosulphate (CATTANEO and MoRELLINI 1940) 
given by mouth decrease the allergy. Sulphonamides (PATiALA 
1943, Scnuppir 1945) and streptomycin (DEBRE et al. 1948) 
decrease the sensitivity as well. 


The influence of rheumatic infection on the tuberculin sensitivity 


In quantitative tuberculin examinations RosENBERG (1913) 
tested rheumatics, among others, and found as follows: 


Positive to 0.1 cc. Mantoux injection of old tuberculin dilution 


1: 5,000 1: 10,000 1: 50,000 1: 100,000 
(1/50,000 mg.) (1/100,000 mg.) (1/500,000 mg.) (1/1,000,000 mg.) 
Rheumatic cases 95 9 » 86.7 % 77.8 % 60.0 % 
(Non-tuberculous) 
Number of cases (17) (13) (14) (3) 
Control cases } 


(Non-tuberculous, 7 51.0 % 31.3 % 6.1 % 14.3 % 
non-rheumatic) | 
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On the basis of these figures RosENBERG considers that the 
tuberculin allergy in patients with rheumatic diathesis is higher. 
Among »rheumatics» he includes: angina follicularis, arthritis acuta 
and chronica, and »Muskelrheumatismus». ROSENBERG is quoted in 
CiTrRON’s manual (1923). 

Curari and Matricarpi (1938) tested 295 children between the 
ages of 3 and 14 (rheumatic fever, endocarditis and chorea minor) 
and found that 42.4 per cent reacted positively to tests with up to 
1.0 mg. Mantoux. The tuberculin negative (170 children, 57.6 
per cent) retained their anergy for several years. Only 2 out of 70 
children with exudative pleurisy were negative to 1.0 mg. Man- 
toux. 

ONTANEDA, PASQUALINI and FERLONI (1938) tuberculin tested 
10 adult patients with rheumatic fever. Twenty-three of these 
were tuberculin positive. The percentage was the same in persons 
without rheumatic affections. 

PELLEGRINI and CarInci (1939) obtained in 21 patients suffering 
from rheumatic fever 7 negative cutaneous reactions (Pirquet) 
and 3 negative intradermal reactions. 

In 2 cases out of 20 with rheumatoid arthritis Lai and Jorio 
(1940) obtained positive reactions to anatuberculin and 18 negative 
reactions. 

Carninci and Re (1940) performed Mantoux tests in 32 patients 
with polyarthritis: 


Positive to Mantoux 


J 12 polyarthritis acuta 8 
» 6 14 éases 
f 5 » ac. and tub. activa...... 5 
| 7 » » » » inactiva .... 6 11 cases 
32 25 (78 %) 


According to these authors the tuberculin reactions are more 
often positive in patients with polyarthritis than in other, non- 
tuberculous, groups of disease. 

Canetti and Lacaze (1940) found the following allergy series 
in 58 patients with rheumatoid arthritis: 


Mantoux 1:1,000 
1: 100 + 
reaction diameter read in mm. 1: 1,000 — 1: 100 — 
25 20—25 15—20 10—15 
3 10 20 16 2 7 
Total 58 


Seven out of the 58 patients examined were thus completely 
tuberculin negative. 


In their work on tuberculin allergy in »malattia reumatica, 


BoncomPAGNi and Turcuini (1946) summarize the results in th: 
following table: 


‘ Allergy 
Diagnosis | Cases Diff waa Allergic | Anergic 
tuberculins 
small | medium) great 

Polyarthr. 21 TB 15|71%| 6|29% 4 1 7 

acuta TU 12}57%| 7 4 1 
Polyarthr. 14 TB 13}93% {| 1] 7% 2 4 7 

subacuta TU 12|;86%] 2/14% 5 2 5 
Polyarthr. 100 TB 89/89%| 14 37 38 

chronica TU 74| 74%} 26|26%| 30 32 12 | 


Hence they considered that the tuberculin allergy in their cases 
with chronic polyarthritis was higher than in the cases with acute 
polyarthritis. 

Epstr6m, in 1943, collocated the results of tuberculin tests 
from a large number of patients in hospital in Lund for the years 
1938—42, consisting of acute and chronic polyarthritis. They were 
first tested with Pirquet, and if the result of the test was negative, 
Mantoux 1.0 mg. was given. The ages varied from 6 to 55 years. 


Polyarthr. acuta Polyarthr. chronica 


Tuberculin positive ............ 204 (66 %) 730 (80 %) 
Tuberculin negative .......... 93 (30 %) 168 (18 % 
Uncertain (Pirquet and 

Mantoux 1.0:? or not performed). . 11 (4 %) 20 (2 %) 
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Epstr6m, as well as BoNcOMPAGNI and TurcHrn1, found higher 
tuberculin positivity among the chronic polyarthritics than among 
the acute. He points out, however, that the patients with chronic 
disease were older. He compares the tuberculin positive reaction of 
the rheumatic patients with 2,167 other, non-rheumatic patients 
from the same clinic and finds good agreement in the two groups. 
But he assumes that if any differences were to be found, the tuber- 
culin positive reactions in the second group (healthy) would be 
slightly higher. He has furthermore found cases in which the rheu- 
matic patients were hyperergic. 

KAHLMETER (1934) reports that he has observed strong, posi- 
tive reactions with Mantoux tuberculin 1:1,000 and 1: 10,000, 
and in some cases even with 1: 100,000 and 1: 1,000,000, an 
occurrence which he has never found in any other disease. 

In a discussion at a congress, YLPP6 (1930) mentioned that 
tuberculin tests in children with rheumatic fever are frequently 
strongly positive. But, on the other hand, »bei chronischer defor- 
mierter Arthritis (ist) die Tuberkulinreaktion in der Mehrzahl der 
Falle negativ, was wohl darauf zuriickzufiihren ist, dass wir hier 
immunobiologisch mit ganz besonderen Kindern zu tun haben». 
In his lectures YLpP6 states that he has found cases in which 
children with rheumatoid arthritis, in spite of unmistakable clinical 
signs of tuberculosis, have remained constantly tuberculin negative. 
HELsINGIUS and YupP6 (1925) give a numerical report in their 
work. The children described in the table below belong to a milieu 
in which tuberculosis infection is frequent. 


Diagnosis Pirquet + Pirquet Total 
Rheumatoid arthritis .... 3 (14.3 %) 19 21 
Rheumatic fever ........ 19 (65.5%) 10 29 
Chorea minor .......... 36 (66.7 %) 18 54 


The cases in the different investigations referred to vary greatly 
as regards stage of disease, age of patient and tuberculin technique. 
A tendency is however observed on combining the examinations: 
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of cases % 
aes 17 16 95% 
CuHIARI and MATRICARDI .... 295 125 42 » Polyarthr. 
acuta 
ONTANEDA 40 23 57 » 
PELLEGRINI and CARINCI .. 21 18 85 » » 
Camenes ome 20 14 70 » » 
BoNCOMPAGNI and TURCHINI 35 29 80 » » 
308 204 66 » » 
736 429 60% 
CANETTI and LAcAzE ...... 58 51 88% | Polyarthr. 
chronica 
BONCOMPAGNI and TURCHINI 100 89 89 » » 
918 730 80 » » 
1,076 870 81% 


In these 1,812 cases of rheumatic affections of the joints 60 
per cent of the acute cases and 80 per cent of the chronic cases 
reacted positively to the tuberculin test. Epsrrém’s investiga- 
tions, which are much more extensive than those of the other 
authors, greatly influence the result which is in accordance with 
the general tendency. YLPP6 is the only author who is of quite 
contradictory opinion. 

Furthermore, it is observed that some authors (Epstrém, 
CaNeTTI, and BoNcoMPpaGN!) have found highly allergic reactions. 
The opinions differ somewhat regarding the rheumatic cases, 
whether their tuberculin sensitivity is higher than in persons 
without rheumatic affections. Epstr6ém’s investigations, in partic- 
ular, support the conception of the sensitivity being about equal. 

Lat and Jorio’s work is not included as they used a weaker 
tuberculin test (ointment?). 

REITTER and LOWENSTEIN (1932) mention, regarding their cases 
of rheumatic fever, that they are »insbesondere ganz ausserordent- 
lich tuberkulinempfindlich». 


The problem 


Such a variety of different mechanisms take a part in the origin- 
ation of tuberculosis reactions that a clear and simple explanation 
of the occurrence cannot be given on the basis of the present 
scientific knowledge. The majority of viewpoints have, no doubt, been 
observed and mentioned in the extensive literature on tuberculin, 
but their interrelationship and role have not been clarified. 

The skin itself and its anatomical characteristics represent only 
some of the factors, but its role has, however, been considered 
important enough to merit a further explanation. 

The information in the literature differs, regarding the im- 
portant rheumatic group of disease, of such topical interest. 

The purpose of this investigation is to study: 


1) The influence of the anatomy of the skin on tuberculin sensiti- 
vity, when 


a) Mantoux test is done in analogous parts of the skin, 

b) Mantoux test is done in parts of the skin with slight 
anatomical differences, 

c) Mantoux test is done in parts of the skin with great anato- 
mical differences. 


2) The tuberculin allergy in patients with rheumatoid arthritis. 
The following were examined for comparison: 


a) healthy people 
b) tuberculous patients who have not had rheumatic 
diseases. 


3) Do common secondary infections affect the tuberculin allergy 
in healthy people, rheumatoid arthritics, and tuberculous 
patients? 


The author’s own investigations 


I. The Mantoux reaction in different 
parts of the skin 


Material 


In order to study the tuberculin sensitivity on parts of the 
skin with different anatomical structure a series of 235 tuberculous 
patients was examined. These patients were treated at the City 
of Helsingfors Hospital for Tuberculous diseases, in either the 
Department of the University or of the Commune. Part of the 
child material, 42 children, is from the Kiljava Sanatorium. 

Age and sex distribution of the cases examined is given in 
the table: 


15—19 | 20—29 | 30—39 | 40—49 | 50—59 | 60—69 | 15—69 


10 18 34 6 8 76 
Women ...... 7 18 12 9 3 1 50 
Total 7 28 30 43 9 9 126 

Children 


0-2 3—5 6—10 11—15 0—15 


30 28 34 17 109 
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Weak, cachectic and febrile patients were not included in 
these studies. The adults were patients with pulmonary tuber- 
culosis, whose processes were improving clinically and who were 
allowed to be up and to rest in the sleeping-loggia. The child 
material was homogeneous in that all were patients with primary 
tuberculosis with roentgenological swelling of the hili. No cases 
of miliary tuberculosis or tuberculous meningitis were thus 
examined, nor were cases with primary tuberculosis in the initial 
febrile stage included. 


Technique 


The tuberculin tests were performed with Koch’s old tuberculin 
(Behringwerke) in two solutions, 1: 10,000 and 1: 100,000. Sterile 
saline solution was used as the dilution fluid. The tuberculin soluti- 
on 0.1 cc. was injected intracutaneously, the stronger Mantoux 
injection thus containing 0.01 mg. and the weaker 0.001 mg. old 
tuberculin. 

Fresh tuberculin solutions were prepared for each occasion 
when tests were made and the dilution was performed with dry- 
sterilized clean pipettes of the size of 0.1, 1.0 and 10 cc. No preserv- 
ative fluid (phenol, etc.) was used in order to avoid non-specific 
pseudo-reactions. 

0.5 cc. syringes graduated for 0.01 cc. were used for the Man- 
toux injections, separate syringes were used for each solution, 
and also for the control tests with saline solution. Needles No. 
18—20 with short bevel and platinum cannula were carefully fitted 
to the syringes so as to prevent any fluid escaping during the 
injection. 

The Mantoux tests were done 1) on the extensor side of the fore- 
arm (dorsal side), midway between the elbow and the wrist, and 
2) on the back, between the shoulderblades, one or two cm. from 
the mid-line. The skin was cleaned before the injection with ether 
and in exceptional cases with alcohol, instead of ether — or in 
addition to ether — but in these cases the skin was allowed to dry 
before the injection. PARETsKy (1936) has observed that the Man- 
toux reactions are weaker if the injection is made before the skin 
has dried, when alcohol has been used to clean. 


36 


Great care is exerted regarding the technique of injection. At an 
early date the author learnt to rely upon the following procedure, 
which is recommended by WALLGREN (1935) as well: the skin is 
lifted into a fold (Falte) and the injection needle is inserted almost 
parallel with the skin, the bevel of the needle turned upward. By 
careful rotation of the syringe the needle penetrates intracuta- 
neously into the right layer subepidermically, not too superficially, 
not too deeply, and definitely not subcutaneously. The needle is 
inserted 3 to 4 mm. into the skin, the bevel being kept visible 
through the cutis all the time. The tuberculin is injected slowly 
and carefully, the graduation on the syringe and the wheal 
being watched. After a moment’s pause the needle is withdrawn 
(Hoitm 1934), a sterile cottonwool swab is pressed on the site of 
injection to prevent the tuberculin from escaping when the needle 
is withdrawn. 


Reading of the reaction 


The Mantoux reactions were read in daylight 24, 48 and 72 hours 
after the injection. 

The Mantoux reaction consists of 2 elements: erythema and 
infiltration. Howm considers that the erythema is caused by a local 
vascular reaction and that the infiltration is caused by reaction of 
the cells. The two components do not follow one another during 
the different phases of the reaction. The erythema appears already 
during the first twenty-four hours of reaction — often suddenly 
flaring up — but on the second to third day it generally dies down 
in the part of skin which surrounds the infiltration and persists 
for a day or two in the raised, infiltrated region of the skin. The 
colour gradually fades and 4—6—8 days after the injection the 
infiltration is almost the colour of the skin, which also fades gradu- 
ally. Two to four weeks later the place for the Mantoux reaction 
is marked by a pigment spot. These two components are con- 
sidered separate processes of the tuberculin reaction and seem to be 
fairly independent of one another. Of these the erythema is the 
more variable and may at times be absent in quite distinct Mantoux 
reactions with infiltration of 10 to 15 mm. Ho. has studied this 
phenomenon closely and has illustrated his observations graphic- 
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ally. In observations of intracutaneous tuberculin reactions it has 
often been considered — particularly in more theoretical examina- 
tions — that both components should be noted separately. 

The area of erythema varies from day to day in the same 
patient. Its size is however similar to the area of the infiltration. 
In the present investigation, in which a comparison of the strength 
of the reactions is the essential object, the author has studied 
erythema as a colour phenomenon only, and has not considered 
its size. This has been done by using T. W. Tallqvist’s haemoglo- 
bin colour-scale, which was formerly commonly used. Assessment 
according to this colour-scale should be fairly objective, in the 
author’s opinion, as lighting conditions were always similar (day- 
light) and as the colour reactions were always evaluated by the 
author himself. Colour No. 20 in this colour-scale corresponds to the 
colour of the skin, or a very weak reaction, and No. 50 to the 
strongest reactions. Variations are designated + and — in the 
records. As mentioned in a previous work (Wasz-HéckErrT 1945), 
the shades of the different colours are not quite identical to those 
in the colour-scale, but they are easily divided into categories 
on the basis of their intensity of colour. 

The most important component of the Mantoux reaction is the 
infiltration. A diameter (for instance 10 mm.) or the ‘ength of two 
perpendicular diameters (for instance 10 mm. x 10 mm.) are used 
as the measure for this component. In the latter case the size of 
the reaction is generally given by the mean of the diameters (in 
mm.) or by their product (in sq.mm.). The Mantoux infiltrations 
are often elliptical. NEGRon1 (1944) suggests therefore that the 
reactions can be expressed mathematically by the formula 
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in which D is equal to the greatest diameter and d equal to the 
smallest diameter. In works in which GrGER’s (1934) investigations 
have been re-examined, PETRANyY! and MotiKa (1936) point out that 
an objective measure of the reactions is obtained by measuring 
the diameters only in the case of the reactions being oval or round. 
They illustrate their statement by graphs and suggest that a 
more detailed method should be used. 
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PETRANYI and Morika marked the Mantoux reaction with stain- 
ing solution and traced it on to cellophane paper. The figure was 
then copied on to Kimographion paper, cut out and weighed. As 
the specific gravity of the paper was known the exact surface of the 
reaction infiltration was obtained directly. With this method they 
obtained results which were completely different from those obtained 
with the commonly used diameter measuring method. The material 
consisted of 288 children, and by measuring, positive reactions were 
obtained in 11.9 per cent, and by weighing in 50.7 per cent. Such 
exact methods, although probably time-consuming, have been 
suggested by other investigators as well. Stewart (1933) traces the 
reactions on celluloid paper, cuts them out and weighs them: i.e 
the same method as PetrANy1 used. The method was modified by 
HaantTi (1943) in that he copied the figures from cellophane paper 
on to millimetre paper and calculated the surface directly in sq.mm. 
LevapiTi (1918) used planimeter, so did SEEBERG (1947) in his 
dissertation. Rist (1941) and Bernarp and Lotte (1946) have 
suggested more complicated methods. 

In the first section of this work the following modification by 
PETRANYI has been used: The border of the infiltration, which is 
determined by means of inspection and palpation, is marked by a 
thin line drawn in ink. The figure is copied on to a cellophane paper 
which is pressed against the Mantoux reaction. The cellophane 
figure is transferred with tracing-paper on to a square index card, 
cut out accurately and weighed on a chemical balance, to within 
0.1 mg. After determining the specific gravity of the card the size 
of the surface is calculated and noted to within 0.1 sq.mm. 

In the second section of this work this time-consuming pro- 
cedure was abandoned. Instead, the greatest diameter and the 
diameter at right angles to it were measured with a transparent 
celluloid ruler. On close study of the two methods it was found 
that the required accuracy was obtained by the simpler method. 


The technical error in Mantoux reactions 


The size of the reaction surface P;, obtained in repeated observ- 
ations of the same person, is not, of course, a uniformly determ- 
ined function of his tuberculin sensitivity. It is liable to occasional 
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fluctuations caused mainly by biological variations, and also by 
differences in the technique of the injection. The size P, is, in other 
words, a »random variable». The standard deviation will be desig- 
nated o,(P;). Furthermore, it is assumed that on measuring the 
quantity P,, its true value is not obtained, but a value R,, in 
which is included an error of measurement. The measured value 
R, may thus be expressed by the formula 


in which Z,; is the error of measurement. It is assumed that the 
error of measurement Z; is a normally distributed »random vari- 
able» which is independent of P; and whose mean is 0 and dis- 
persion o, (Z;). The standard deviation o (R;) of R,;, which in the 
following will be termed the verror of technique», is consequently 
obtained from the equation 


(2) o? = + a,” 


The size of oa, (as well as o, to the part caused by differences 
in giving the injection) is naturally greatly dependent on the skill 
and accuracy of the examiner and on the methods of measuring. 
In this connection it should be pointed out that even a fairly large 
standard deviation o, in the error of measurement may be allowed 
without rendering impossible the use of the standard deviation ¢ 
in the result of measurement as an approximation of the standard 
deviation o in the reaction surfaces. From the equation (2) follows 


Hou, who is probably the only investigator who has calculated 
the standard deviation o in intracutaneous tuberculin reactions in 
man, obtains the approximative value o = 20 per cent. If the 
mean R; of the size of the measured reaction surfaces is 200 sq.mm. 
and their standard deviation is carefully assumed to be only 13 per 
cent or 26 sq.mm., and the standard error in the measurements is 
estimated to be 10 sq.mm. which is used in an estimation of oo, 
it is found, according to equation (3) that o, is 24 sq.mm. The 
standard deviation of the measured reaction surfaces is thus only 
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about 8 per cent greater than the standard deviation of the true 
reaction surfaces. 

In order to obtain an estimation of the technical error o (R;) 
in the present work the author, in 1946, carried out double determina- 
tions of Mantoux in 82 adult tuberculous patients. These double 
determinations were performed as follows: In completely ana- 
logous parts of the skin, on either side of the mid-line of the 
back, and exactly at the same distance from it, interscapularly, 
two Mantoux injections of 0.1 cc. tuberculin solution 1: 10,000 
were given (i.e. 0.01 mg. old tuberculin). The reactions were read 
24, 48 and 72 hours later. Thus 82 samples were obtained at each 
reading, each comprising two values for R;, the area of the reac- 
tion surfaces in tuberculous patients. All these measurements 
have the same standard deviation o (R,), the technical error, as 
the mentioned error may of course be assumed to be independent 
of the subject examined. The last-mentioned circumstance makes 
it possible to estimate the standard deviation o (R,;) from these 
82 samples. 

R is the designation for the Mantoux reaction on the left of the 
mid-line, which was done first. R,, is the designation for the control 
reaction on the right. 


TABLE 1 


Double determinations with Mantoux 0.01 mg. given between the scapulae 
in analogous parts of the skin. 


24 hours 48 hours 72 hours 


R | Rx | R | Ry | R | Ry 


47 men, mean in sq.mm. | 210.9] 211.4] 207.9| 212.5| 206.0) 207.1 
35 women, » 214.6 | 207.3 | 235.3 | 229.2| 216.3) 216.9 


82 patients, » » » 212.5| 209.7| 219.6| 219.6 | 210.4| 211.3 


The following expression was used in the statistical treatment 
(CRAMER 1949): 


(4) (ig a— Ig R,.)? 


2n 


| 
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a is the deviation if normal logarithmic distribution is assumed. 
ig R—lg R,, is the difference between the logarithms for the 
surfaces in the reaction pairs. The number of reaction pairs is 
designated n. 


TABLE 2 
The material treated according to expression (4). 
24 hours 48 hours 72 hours 
Men 0.0452 0.0529 0.0579 
Women 0.0588 0.0513 0.0622 
Total 0.0514 0.0522 0.0597 


It is observed that the distribution for the reaction surfaces 
differs by 11 to 15 per cent from the mean value of the size of the 
reaction surfaces in the same person. 

According to the table the distribution varies between 11 and 
15 per cent. This figure lies within the borders of what is con- 
sidered typical of biologic reactions (20 per cent). The result thus 
verifies assumption. 


TABLE 3 
The anti-logarithms for the values in Table 2. 
24 hours 48 hours 72 hours 
Men 1.11 1.13 1.14 
Women 1.15 1.13 1.15 
Total 1.13 1.13 1.15 


For the purpose of deciding if the two methods for reading the 
reactions, used in this work, give the same results, the copy-weigh- 
ing method as well as the ordinary measurement of diameters was 
used in the reading of 154 Mantouz reactions. The material for this 
investigation includes reactions of all sizes. As two terms for express- 
ing the same Mantoux reaction are used (for instance: 12 mm. x 
10 mm. and 117.5 sq.mm.) it is possible to determine whether the 
two methods give the same results. 
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The method for measuring with diameters will be termed A, 
and the more exact method B. The surfaces measured according 
to method A will be designated a and those measured according to 
B will be designated b and the mean of the reactions m. We thus 
have: 


a = the product of the diameters, measured perpendicularly 
to each other. 


b = the surface in sq.mm. according to the more accurate 
method. 


Surface |Number of readings} m + € sq.mm. 


a 154 207.6 + 7.41 
b 154 194.9 + 7.70 


The table shows that the difference between the means of the 
surfaces a and } are not statistically significant. This agrees with 
the consideration of equation (3) and a natural explanation is 
obtained in the circumstance that the standard deviation in the 
surface, caused by biological variations, is relatively great. 

In a large material with reactions of all sizes, methods A and B 
thus give the same result. For the purpose of obtaining a connec- 
tion between the different results, a and b, in measurement of the 
same reaction, 5 is assumed to be linearly dependent on a, and the 
regression line is calculated: 


b — m, = k (a—m,) 
1 
m,=— m,=— >, b; 


(a; — m,) —m,) 


@,—m,? 


The values a; and b; represent the size of the separate surfaces 
and n the number of surfaces observed. The following is obtained 


(5) b= 0.917 a— 4.6 


Tl 
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The mean errors for m, and m, are obtained according to the 
formula 


2 
6) &= = — m,)* 
n(n—1) 
[he mean error for m is obtained according to the formula 
= (b;—m,)? 


(n — (a; — m,)* 


Taking these mean errors into consideration (5) may be written: 
(7) b = (0.917 + 0.040) a — (4.6 + 10.5) 

The approximative result is thus 

(8) b=0.92 a 


The error in (8) in a reaction of, for instance, 200 sq.mm. is 
on an average 20 sq.mm. according to (7). The relation (8) is thus 
sufficiently accurate for the purpose in question. 

Calculating the correlation coefficient r according to the for- 
mula 


= (a;—m,) (b; — m,) F 


= (6; —m,)? 


r = 0.88 is obtained, which, as expected, shows that the standard 
deviation around the straight lines (8) is comparatively small. 
It seems surprising that b and a are almost of the same size. Ifa 
reaction is c mm. xX dmm. its surface might be expected to be of 
1 
the size 47° d which is the case when the reactions are ellip- 
tical in shape. In other words, instead of (8) the relation 


b=0.79 a 
would be expected. 

That this is not the case is partly due to the shape of the reac- 
tions, which may be very irregular, and also to the weighing method 
used in this investigation being very sensitive to systematical 
errors. 


on to cellophane paper have later been measured by a planimeter. 


The surfaces according to the weighing method 
50 reactions 
The surfaces according to the planimeter method cf 


c = (0.96 + 0.08) -b 


In these 50 Mantoux reactions there was thus no statistical! 
difference in the control measurements, but neither can the hypo- 
thesis b = 0.79 a be excluded with certainty. These 50 reaction 
are taken at random, and should be considered representative oi 
the total number of cases examined. 


In this work the terminology »no difference», »probable difference», »very 
probable difference» and »statistically significant difference» is used, depending 
on whether the probability P, that the opposite result will be obtained in 
the same examination, is greater than 0.05, lies between 0.05 and 0.01, 
between 0.01 and 0.001, or is less than 0.001. The probabilities are obtained 
from the known (¢-table (Cfr. for instance CRAMER) 


f P = 0.05 P = 0.01 P = 0.001 
10 t = 2,228 t = 3,169 t = 4,587 
20 2,086 2,845 3,850 
40 2,021 2,704 

60 2,000 2,660 
120 1,980 2,617 


in which the column furthest to the left gives the »degree of freedom», the 
values in the top line the probabilities, and the other values the quotient 
of the difference and the mean error of the difference. 

The degree of freedom is an expression for the number of cases examined, 
in that if n, and n, represent the number of cases in the respective groups 
examined, the degree of freedom is 


f=n +n, — 2. 


m,— 


+ 


In this expression m, and m, are the mean values of the different groups 
and ¢, and ¢€, the error of the mean. If the number of cases is great — more 
than 120 — the ¢-table shows that the difference is »probable», »very probable» 
or »statistically significant» if it is 2, 2.6 or 3.4 times the mean error of the 
difference. 


In order to verify this assumption, 50 reaction figures traced 


AA 
a 
3 
( 
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Parts of the skin with definite anatomical differences 


Adults 


In this section the author has mainly studied the role of the 
anatomical factors, especially that of the capillary system, in the 
mechanism of intracutaneous tuberculin reactions. For that reason 
areas of the skin, whose capillary density and depth were quite 
different, were selected for examination. These areas on the dorsal 
side of the forearm and on the back between the shoulder blades 
have been described previously in the section on Technique. They 
differ greatly in adults as to depth and capillary density, as men- 
tioned. 

The division of the material is shown on Page 34, and com- 
prises 126 adult tuberculous patients and 109 children. The child- 
ren are described separately. 

The Mantoux reactions are described in the following with 
regard to dilution, age group, sex, and reading: 

Table 4 (Page 46) shows that the Mantoux reactions on the 
skin of the arm, in different dilutions in the two sexes, and in all 
the age groups, are much milder than the.reactions on the skin of 
the back. In the total number of cases there are actually only 
about 9 per cent of cases in which A (arm) is greater than R (back). 
As the surfaces R are greater than the surfaces A in about 91 per 
cent of the cases examined, calculation of the mean error was not 
considered necessary. In the different age groups there are small 
variations. In Fig. 1 this fact is shown graphically. 

As the average in each age group of female cases is only 10 and of 
males 15, in the different age groups, no far-reaching conclusions 
can be drawn. There is however a tendency for the reactions to be 
milder in the higher age groups. The differences between A and R 
are not, on the other hand, influenced by age. 

In Table 5 the different age groups are combined and in Table 
6 the sexes are given in addition. It is found that A is on an average 
about 40 per cent less than R with 0.01 mg. Mantoux and about 
60 per cent less with 0.001 mg. Mantoux. No sex difference is 
observed. 
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Fig. 1. Graphical presentation of the means (sq.mm.) of the Mantoux reactions 
on back and arm, combined according to tuberculin dilution used, sex, age 
and hour of reading. 
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TABLE 5 
The means (sq.mm.) of the Mantouz reactions on back and arm, combined according 
to tuberculin dilution used, sex and hour of reading. 


3 2 24 hours 48 hours 72 hours readings 
= A |R—A/ R A |R—A] R A |R—A] R A | 
0.01 50 /216.0 124.6] 91.4 |235.0 149.4) 85.6 |223.1 138.5) 84.6 |224.7 137.5) 
3 76 {202.7 110.9] 91.8 [213.4 127.1) 86.3 207.8 123.2) 84.6 |208.0 120.4) 

Q+ 126 208.0 116.4] 91.6 |222.0 136.0) 86.0 [213.9 129.3) 84.6 |214.6 127.2| 

0.001 50 | 57.2 14.4] 42.8] 81.1 25.1] 56.0] 83.8 31.7] 52.1] 74.0 23.7) 


3 76 | 63.9 24.2) 39.7] 88.6 34.3) 54.3) 89.8 35.3) 54.5) 80.8 31.31 
+ 3] 126 | 61.2 20.3) 40.9} 85.6 30.6) 55.0] 87.4 33.9) 53.5] 78.1 28.3) 


TABLE 6 


The means (sq.mm.) of the Mantouzx reactions on back and arm in 126 tuberculous 
patients. R and A give the mean of the results of three readings. The per cent of 
the difference is calculated from R. 


Mantoux R A R—A_ | Percent 
mg. 
0.01 214.6 127.2 | 87.4 40.7 
0.001 78.1 28.3 | 49.8 63.8 


In order to understand the difference between A and R, and so 
as to prevent the large surfaces from playing too large a part in the 
material, the mean of the percentages, which denote how many 
per cent A is less than R in the separate cases was calculated. The 
results are combined in Tables 7 and 8. 


Mantoux er cont 
mg. 
0.01 40.2 
0.001 60.4 


It is again seen that A is 40 per cent and 60 per cent, respectively, 
Jess than R to stronger, and weaker dilutions. The difference is de- 
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TABLE 7 


The difference between each reaction pair (back and arm) in per cent calculated 


according to the expression ©100 %. The mean is calculated on the readings 


in 126 patients, and combined according to sex, age and hour of reading. 


15—19 | 20—29] 30—39 | 40—49 | 50—59 | 60—69 
Sex| Reading 
8 7 18 12 9 3 1 
0.01 fe I 53.0 | 30.2 | 31.2 | 49.0 60.2} 58.5 
Il 35.4 | 27.7 | 35.6 | 31.2 71.5] 19.4 
III 30.4 | 30.8 | 38.8 | 42.2 62.3} 3.1 
0.001 9 I 61.5 | 53.8 | 73.5 | 57.0 100.0) — 
Il 24.2 | 58.8 | 70.0 | 73.9 66.7| 100.0 
Ill 47.0 | 55.3 | 62.2 | 85.4 | —18.0] 100.0 
0 10 18 34 6 8 
0.01 3 I 64.6 | 39.2 | 47.2 | 50.0 | 48.4 
Il 48.3 | 38.9 | 36.5 | 45.2 | 44.2 
Ill 46.0 | 32.4 | 43.9 | 38.9 | 32.7 
0.001 3 I 61.9 | 33.5 | 70.1 | 49.6 | 51.5 
Il 59.9 | 66.8 | 67.4 | 77.9 | 66.5 
Ill 54.8 | 68.3 | 68.2 | 70.9 | 50.3 


TABLE 8 


The difference between each reaction pair (back and arm) in per cent calculated 


according to the expression e 100%. The mean is calculated on the readings 


in 126 patients and combined according to sex and hour of reading. 


Mantoux Sex n 24 hours | 48 hours | 72 hours Mean of all 
mg. readings 
0.01 2, 50 39.4 33.8 36.1 36.4 

3 76 47.9 40.1 39.9 42.6 

e+ 3 126 44.5 37.6 38.4 40.2 

0.001 g 50 61.9 60.7 47.5 56.7 
3 76 56.8 67.0 64.8 62.9 

2+¢ 126 58.8 64.5 57.9 60.4 


Zz 
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pendent on the age, as seen; in the females there is a slight tendency 
to increase with the years. 

Summarizing it may be said that the Mantoux reaction on the 
skin of the arm is much less (40 per cent, 60 per cent) than on the 
skin of the back, and that the difference R—A does not show any 
greater fluctuations than may be expected due to ordinary varia- 
tions. 


Children 


The same examinations were made in children. Forty-two of 
the children were treated at the Kiljava Sanatorium. For practical 
reasons the reactions of these patients were read once only, 72 
hours after the injection. The age distribution of the children 
examined is shown in the table. 


Hospital 1} 516] 7] 9 Years 
Hospital for Tuber- | 3/27/12) 9) 2) 67 

culous Diseases 
Kiljava Sanatorium 8} 3] 3] 8 3 3} 3} 3] 3] 5 42 
Total 30 28 34 17 109 


The mean of the tuberculin reactions in the cases are combined 
in the following tables according to dilution of tuberculin used, 
sex, age group and day of reading the result. 

The results from children in the Hospital for Tuberculous Diseas- 
es is shown in Table 9 and from the Kiljava Sanatorium in Table 10. 
The reaction surfaces are decidedly less than in the adults. In addit- 
ion a distinct variability is observed. Sometimes the difference 
R—A is positive, sometimes negative. 

Calculating the mean error of the mean of the differences it is 
found that the means are so variable that conclusions, on the basis 
of these cases, cannot be drawn regarding the relation of size between 
R and A. 

In Tables 11 and 12 the number of children is given, in which 
R>A, R=A and R < A. Reactions designated R = A denote 


The i 
diluli 


mo 


| Mantoux 
i 


0.06 


= 
| 0.01 
| 
0.00 
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TABLES 9 and 10 


The means (sqg.mm.) of the Mantoux reactions on back and arm, combined according to tuberculin 
dilulion, age and hour of reading. R—A is the difference of the means in sqg.mm. n designates 
the number of cases, and Mean the mean of all readings. 


I. Children. The Hospital for Tuberculous Diseases. 


0—2 6—10 0—10 


Mantoux | 
mg 
Reading 


n| R A |R-Ajn| R A | R-Ajn| R A |R-Ajn| R A |R-A 


108.8 71.1|37.7) |135.7 128.9 6.8; {184.1 137.9) 46.2) |130.2 104.6) 25.6 
II 92.3) 19.2/28/142.4 150.3) —7.9)9|175.6 130.9) 44.7/67/133.2 122.1) 11.1 
III 107.5 81.7)25.8) [124.6 136.1) —11.5) [172.9 149.0) 23.9) |123.4 113.8] 9.6 


0.001 I 31.0 20.2/10.8 47.4 36.3} 11.1 54.3 48.0) 6.3 41.1 30.7) 10.4 
II 31.4 21.7! 9.7/28) 49.2 51.8! —2.6)9! 65.0 53.7) 11.3/67] 43.4 38.8] 4.6 
III 23.2 20.8] 2.4 41.0 42.6) —1.6 54.2 43.8] 10.4 34.9 33.1] 1.8 


0.01 |I—III 109.3 81.7] 27.6] |134.2 138.4) —4.2) |177.5 139.2) 38.3) {128.9 113.5) 15.4 
0.001 | I—III 28.5 20.9) 7.6 45.9 43.6 2.3 57.8 48.5) 9.3 39.8 34.2] 5.6 


II. Children. The Kiljava Sanatorium. 


Mantoux = 6—10 11—15 
mg 
n R A R—A|n R A R-—A 
0.01 III 25 122.8 122.1 0.7 "7 115.1 131.1 —16.0 
0.001 III 45.4 34.2 | 11.2 “| 49.4 45.5 3.9 


= 
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TABLES 11 and 12 


The number of reactions, combined according to tuberculin dilution used and hour of readin. 
The difference between the reaction pairs is 20 per cent. 


1. Children. The Hospital for Tuberculous Diseases 


0—2 3—5 6—10 0—10 
| Reading zl<|< - 
0.01 I 15 9 6 9 | 12 7 5 3 1 29 | 24 1 | 
II 30} 12 | 10 8 6] 12] 10/9 6 3 | 67] 24 | 25 | i8 
Ill 14 | 10 6 4; 12] 12 4 4 1 22 | 26 
0.001 I 14 | 12 4 10 | 12 6 4 3 2 28 | 27 | 2 
II 30; 11 | 15 4/28} 6j;11/;]11]9 4 4 1 | 67] 21 | 30 16} 
Il 8 | 14 8 6 | 10 | 12 4 5 0 18 | 29 | 20 
0.01 I+II+III 41 | 29 | 20 19 | 38 | 29 15 | 10 2 75 | 77 1 
0.001 | I+II+III 33 | 41 | 16 22 | 35 | 29 12 | 12 3 67 | 88 | 48 
IV. Children. The Kiljava Sanatorium, 
5—10 10—15 
Reading 
R>A|R=A|R<A|R>A|R=A|R<A 
0.01 Ill 6 13 3 8 6 
0.001 Ifl 9 11 7 6 4 


] 
( 
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that A differs by less than 20 per cent from R. It is observed that 
the groups are about equal in size. Group A = R is somewhat 
larger than the others. Group R > A is somewhat larger than 
group R < A; the relationship is approximately 3:2. Table 9 
shows that the mean of A is about 13 per cent less than of R, a 
circumstance which agrees with the tendency already mentioned. 
The reactions in the several cases are so variable that all 
conclusions should be drawn with the utmost reservation. 


Daily curves of tuberculin reactions 


The tables given show that the mean of the reactions in the 
different readings do not reveal statistical differences between the 
sexes. Hence the groups are combined in the following. 


Mantoux 0.01 mg. 


Read (hours) 24 48 72 Adults 
Sq.mm, Sq.mm, Sq.mm 
116.4 136.0 129.3 
208.0 222.0 213.9 


20.3 30.6 33.9 


Mantoux 0.01 mg. 


Read (hours) 24 48 72 Children 
Sq.mm. Sq.mm. Sq.mm., yrs) 
104.6 122.1 113.8 
130.2 133.2 123.4 


AMM 30.7 38.8 33.1 
41.1 43.4 34.9 


The tables show that the differences between the reactions on 
the various days of reading are not great. In 0.01 mg. Mantoux 
reactions in adults the second day’s reading is highest, but in 
0.001 Mantoux reactions the third day’s is highest. In the children 
the reactions are greatest on the second day. An approximate 
estimation of the mean error shows that the differences may be 
ascribed to statistical variations. 


| 
| 
9 
) 
5 Mantoux 0.001 mg. 
61.2 85.6 87.4 
Mantoux 0.001 mg. 
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Parts of the skin with slight anatomical differences 


The dependence of tuberculin reactions on anatomical factors 
of the skin has been shown in the preceding by comparison of 
Mantoux tests in the skin on the arm and on the back. The results 
are analogous and statistically significant. That the anatomy of 
the skin actually influences the size of the reactions to a consider- 
able extent is supported by the fact that similar skin areas give 
similar reactions (Cfr. Mantoux double determinations). 

In the following a small series is described which illustrates 
the results of Mantoux tests in skin areas in which the anatomical 
differences are slight (SPALTEHOLTz 1893). The middle part of the 
forearm was chosen for this purpose and the dorsal and volar 
sides of the arm were compared. 


Thirty-six tuberculous patients included in the previous series 
were given 0.01 mg. Mantoux in the volar side and 0.01 mg. in 
the dorsal side, using the technique already described. The reac- 
tions were read after 24, 48 and 72 hours. The mean of the reac- 
tion surfaces on the dorsal side is designated A and that on the 
volar side A,. 


TABLE 13 


The mean (sq.mm.) of the surfaces of the reaction pairs. Ak—A is the mean of the 
per cents which in each separate reaction pair shows in how many per cent Ax is 
greater than A. 


Cases | Part of skin 24 hours 48 hours 72 hours 
Men A 127.0 sq.mm. 122.0 sq.mm. 114.0 sq.mm. 
20 Ax 147.4 » 130.9 » 126.0 » 
A, —A 18.9% 10.8% 14.0% 
Women A 162.4 sq.mm. 131.8 sq.mm. 165.9 sq.mm. 
16 Ax 174.7 » 136.6 » 173.5» 
A, —A 10.2% 3.0% 7.0% 
Total A 142.7 sq.mm. 126.3 sq.mm. 137.0 sq.mm. 
36 Ax 159.6 » 133.4» 147.1 » 
Ax —A 15.0% 7.3% 10.9 % 
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It is observed that A,, is on an average about 10 per cent greater 
than A. Calculating the mean error the following is obtained: 


| Cases 24 hours 48 hours 72 hours 
| 20 18.9%+8.8% 10.8%+5.5% 14.0%+6.1% 
Women .... 16 10.2%+8.2% 3.0%+3.9% 7.0%+4.4% 
Total 36 15.0%+6.0% 7.3%+3.5% 10.9%+4.0% 


No statistical difference is observed when men and women are 
treated separately — as may be expected due to this material 
being small. A difference which may be characterized »very prob- 
able» is however obtained for the whole series of men and women. 


The relation of repeated Mantoux reactions| to 
different parts of the skin 


When a tuberculin test is made after a certain interval, with 
the same dose and (generally) in the same part of the skin as 
on the first occasion, the term ’repeated tuberculin test’ is used. 
The first and second tuberculin reactions vary in strength as a 
rule, and this question has been studied in a number of investiga- 
tions. In this work the problem is studied especially with a view 
to finding out whether anatomical differences of the skin play 
a part. 

BsornstTAp’s (1941) conception is that the first test sensitizes 
the organism to react to the second test. In his opinion the first 
reaction seems to »pave the way» for the second one. Following 
this train of thought it might be possible, analogously with earlier 
observations in this investigation, that the skin on the back, 
having a less close capillary network, is better able to retain anti- 
bodies, locally, which act against the tuberculin, than the skin 
on the forearm, and thus the reaction would be proportionately 
stronger on the back in the repeated test. 

In the Scandinavian literature the question of sensitization 
after repeated tuberculin tests has been treated in addition to 
BJORNSTAD, in a large work by HOoNKANEN (1944). He gives an 
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extensive survey of the literature and for that reason it is mentioned 
briefly in this paper. The use of repeated tuberculin tests for 
differential diagnosis in active and inactive tuberculosis has been 
specially studied. 

The results of the various authors differ greatly owing to the 
differences in their materials and to completely different principles 
for assessing having been used. HONKANEN’s investigation is how- 
ever the largest (781 cases); comprising 25 patients with inactive 
tuberculosis, 255 with active tuberculosis, and 278 healthy people. 
The reactions were certainly read by medical corps sergeants, and 
nurses, and the erythema — which is the unstable factor of the 
tuberculin reaction — was measured after 24 and 48 hours, that 
is, before the erythema has been re-formed. However, this a com- 
parative study, and as the same principles were followed through 
the whole investigation, the results may be considered quite correct, 
especially as the material is large and double tests were made 
(on both forearms) which reduces the technical error. 

Repeated Mantoux tests were made in the present investigation 
in 41 adults with tuberculosis, for the purpose of finding out whether 
the different parts of the skin reacted differently to tuberculin in 
the following age groups: 


Cases 20—29 | 30—39 | 40—49 | 50—59| Total 


Women 7 6 -- 17 
7 4 11 2 24 
"WH 14 10 15 41 


The tuberculin tests were made with 0.01 mg. and 0.001 mg. 
Mantoux, and read 24, 48 and 72 hours after the injection. The 
repeated injection was given 14 days after the first one, in analogous 
parts of the skin. All the patients were under treatment for tuber- 
culous lung processes. 

As the surfaces in this material are very small in many instances, 
the difference in per cent between the reactions, each separately, 
has not been calculated (e.g. if surface I is insignificant and surface 
II is 30 sq.mm., a large and unreliable per cent is obtained). There- 


| 


The mean of the first (1) and second (I1) reaction in sq.mm. The interval between 
the first and second injection was 14 days. 


TABLE 14 


Part Reading First test Second test 
Mantoux : Per cent 
of skin (hours) (mean in sq.mm.) 
Arm 24 103.1 136.1 +31.9 
48 121.9 120.6 — 11 
Back 24 191.1 238.1 +24.6 
48 188.4 233.4 +23.9 
72 198.2 209.3 + 5.6 
Arm 24 26.3 39.9 +51.7 
48 39.4 35.5 — 9.9 
72 33.5 39.5 +17.9 
0.001 mg. 
Back 24 75.6 89.6 +18.5 
48 90.2 92.2 + 2.2 
72 94.6 95.5 + 1.0 


fore the per cent figure in the table shows how many per cent the 
mean of the difference II and I is of the former surface, in other 
words, by how many per cent the mean of II exceeds the mean of I. 

The differences in the values in Table 14 are great, and the 
variations hardly allow any far-reaching conclusions to be drawn. 
In general II seems to be greater than I. In the figures there is, 
however, a mean error of the mean of about 10 per cent which 
shows that there is an increase in the sensitivity, but its size cannot 
be exactly determined by this method. 


Mantoux 
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| 
al r| al % 
24/ 6| 8| 17]) 13 34 || 22 49 
0.01 mg. 4s | 14| 7] 14] 12] 13] 22] 42 
72| 10| 12] 27] 13 13 | 32/1 18] 16] 41 
24/ 5] 10] 18] 19] 13] 39] 17] 18] 43 
0.001 mg. 48 | 12] 14] 32] 14] 11] 30] 15] 16] 38 
8.| 15] 14] 14] 34] 19] 12] 38 


For comparing the results in this investigation with those of 
HoNKANEN the material was divided into three groups: I less 
than II, I equal to II, I greater than II. If I is equal to II, I differs 
from II by not more than 20 per cent. 

The figure in the last column shows in how many per cent of 
all readings (both A and R) I is greater or smaller than II, or 
equally great. A satisfactory correspondence is observed on com- 
parison of these results with HonKANEN’s. In 155 patients with 
pulmonary tuberculosis he had, in readings at 48 hours, 30.3, 36.1 
33.6 per cent. The corresponding figures at 24 hours were 12.9, 
37.4 and 49.7 per cent. The first figure denotes a decreased reaction 
(I greater than II), the second an equally great reaction (differ- 
ence = 20 per cent) and the third an increased reaction (I less 
than II). HONKANEN’s results and those given in the table are 
thus almost similar. 

In the author’s own material it is seen that the part of the skin 
does not affect the tuberculin sensitivity in repeated Mantouz tests, to 
any extent, as seen from the following: 


Arm 30 40 53 Arm 25 2 52 
Back 27 40 56 Back 34 3 47 


Furthermore, the tuberculin sensitivity in these patients with 
active tuberculosis remains unchanged in repeated tests, or is 
somewhat increased more often than decreased. Great increases 
and decreases in sensitivity occurred equally rarely, yet the great 
increases in the reactions were slightly more frequent. 

HONKANEN, similarly as the majority of investigators studying 
these problems, observed that the sensitivity in repeated tuber- 
culin tests on healthy people was stronger than in the first one 
(ELLERMANN and ERLANDSEN, BeEssau and SCHWENKE, PRINGSHEIM, 
MARCHIONINI, ForBES, PATIALA). In patients with active tuber- 
culosis HONKANEN found an unchanged or slightly decreased 
sensitivity in repeated tests, and says: »eine kraftige Steigerung 
spricht gegen Aktivitat». On close study of his series this conclusion 
hardly seems justified, as the difference remained below 20 per cent 
(status quo) in such large numbers (36.1 per cent), and the 
differences between the other two groups was so small (3.3 per cent) 
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that an increase and decrease in tuberculin sensitivity was equally 
frequent. 

A more correct assessment of HONKANEN’s results seems to be 
that repeated tuberculin tests increase the sensitivity in healthy 
people, and that weaker reactions denote the presence of an active 
tuberculous process. This corresponds to the results of the 
majority of other workers. Some investigators have observed a 
slight increase in the reaction sensitivity, yet much weaker than 
in healthy people (K6GEL, GRuNpT, LosBBan), in particular in 
cases of active pulmonary tuberculosis with favourable prognosis. 
In spite of the differences in the material and technique used 
in the investigations reported in the literature, HONKANEN’s 
results are fairly similar, with this interpretation, and agree with 
those of the author as well, in that the reaction to the repeated test 
is stronger than to the first one in patients with tuberculosis. In this 
investigation no difference was observed between the skin on the 
arm and the back in repeated Mantoux tests. 


Summarizing the first section it may be mentioned that the technical 
error in the Mantouzx reaction was 15 per cent. The author shows 
1) that the Mantoux reaction in analogous parts of the skin were 
similar 2) that the reactions in adults were definitely stronger in the 
skin on the back than on the forearm, and 3) that the reaction in 
children varied greatly. The difference in reactions on the dorsal and 
volar sides of the forearm were very small, only 10 per cent. Anatomical 
differences of the skin do not play a part in repeated Mantouz tests. 

Further, a correlation seems to exist between infiltration and ery- 
thema in these series. 


Theories of the aetiology of rheumatic infections 


The nomenclature of the rheumatic diseases varies and is un- 
reliable. Some conformity is, however, found in the ideas suggested 
in VIRKKUNEN’s (1946) plan, which agrees with those of WiLLIAMs 


(1932), and (1942). 


Scandinavian and German literature 


Febris rheumatica 
Infectio rheumatica 
Polyarthritis rheumatica acuta 
Rheumatismus acuta 
Rheumatoid 
Infektartrit 
Septisk artrit 


Polyarthritis rheumatica chronica 
Polyarthritis chronica progressiva 
(primaria s. secundaria) 


Osteo-arthrosis deformans 
Arthropathia deformans 
Osteoarthritis deformans 


Anglo-Saxon literature 


Rheumatic fever 
Febris rheumatica 


Rheumatoid arthritis 
Atrophic arthritis 
Chronic infectious 

arthritis 
Proliferative arthritis 


Ostheoarthritis 
Hypertrophic arthritis 

Degenerative arthritis 

(Climacteric arthritis) 


The aetiology of rheumatic infections has still not been clarified. 
At the end of the last century and at the beginning of this century, 
when great progress was achieved in the bacteriology, a specific 
agent was ardently sought after in the synovial fluid (effusion). 
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Several workers have reported bacterial findings of different 
kinds, but no conclusive evidence has been found in the control 
tests, and no specific rheumatic virus has thus been discovered. 

Another discovery which for some time has given rise to spe- 
culations and scientific controversies was made by LOwENSTEIN 
(1930). He propounded the view that rheumatic infection is caused 
by B. tuberculosis, which would support Poncet’s and Grocci’s 
idea of »rheumatisme tuberculeux». 

LOWENSTEIN found tubercle bacilli in the blood, and effusions 
in the joints from patients with rheumatic fever, and Reitrer and 
LOWENSTEIN (1932) state: »der akute Rheumatismus ist eine exsu- 
dativ-entziindliche Phase im Ablauf einer tuberculésen Reinfek- 
tion». 

A number of investigations were performed in the 1930’s in 
order to confirm L6wENsTE!N’s reports. The question was discussed 
at the IX International Tuberculosis Congress in Tripolis in 1937. 
A symposium of the literature on this subject was made in 1940 
by Lar and Jorro entitled »La bacillemia tubercolare nel reuma- 
tismo articulare». 


Papers No. of cases of B. tub. cult. B. tub. cult. 
published polyarthrilis examined positive negative 
70 1,961 580 1,381 


The results obtained by LOwensTEIn and his direct or indi- 
rect collaborators were as follows: 


No. of cases Bacillaemia 
144 22 
REITTER and LOWENSTEIN .. 88 56 
656 548 = 83.7% 
Other authors (65) ........ 1,312 32 = 2.4% 


Lai and Jorio, themselves, report a series of 94 patients 
examined, of whom 40 had polyarthritis, and out of whom positive 
findings of tubercle bacilli were made in the blood in one case (2.5 
per cent.). In 32 cases of »reumatismo tuberculare» there were no. 
positive results. 
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In Scandinavia KAHLMETER (1932) and others have re-examined 
L6WENSTEIN’s reports with a view to confirming his results. The 
examinations were entirely negative. A monograph by SAENz and 
Costit (1936) from the Pasteur Institute may be mentioned. 

WissLeR (1946), who has studied especially the aetiology of 
rheumatoid arthritis in children, says that to-day no one contradicts 
the fact that more or less transient symptoms in the joints occur in 
connection with tuberculosis, without a specific arthritis arising. 
In opposition, all theories suggesting that rheumatic infection is a 
tuberculous disease as LOWENSTEIN and his associates have tried to 
demonstrate — which is to »put tuberculosis and rheumatism under 
the same roof» (BERGER 1937) — have now been completely aban- 
doned. 

The well-known theory on focal infection has, on the other hand, 
increased the knowledge of the nature of rheumatic infection. 

The theory now generally accepted regarding the aetiology of 
rheumatic diseases is the allergic, according to which the most 
important fact is the manner of reaction of the organism, not the 
factor which causes the manifested disease (KAHLMETER 1934). 
The theory was introduced by Werntraup (1913), and later 
favoured in particular by RéssLe (1933), KiLinGcE (1936), Jonsson 
(1939), Bruun (1940), and Epsrrém (1942). 

The part played by the nervous system is emphasized especially 
in the so-called neurogenous theory by TRAUNER (1940). Some 
contributing factors have been mentioned, among them climatic, 
traumatic, hereditary (Hoist: and RantasaLo 1936, and others). 

In recent years rheumatoid arthritis has been explained as a 
sequel to adrenal-cortex-hormone-dysfunction (ACTH), HeEncu 
(1949). Treatment with adrenal-cortex-hormone decreases the 
symptoms of rheumatoid arthritis (HENCH, KENDALL, SLOCUMB 
and 1949). 
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II. The Mantoux reaction in rheumatoid arthritis 


Material 


In order to study the tuberculin sensitivity in rheumatoid 
arthritis, 125 adult patients were examined during the period 
April to November 1948 at the Sanatorium for Rheumatic Diseases 
at Heinola. 

In addition, two control groups consisting of 130 tuberculous 
patients without rheumatic affections, and 130 healthy, tuberculin 
positive people were examined at the same time. Fifty-eight of the 
tuberculous patients were under treatment at the City of Hel- 
singfors Hospital for Tuberculous Diseases, in either the depart- 
ment of the University or of the Commune, and 24 at the Kiljava 
Sanatorium. The remaining 48 were former in-patients of the 
Hospital for Tuberculous Diseases, who attended the hospital 
Outpatients for check-up of the lungs. 

Similarly as in the cases in the first section (Page 34) of this 
investigation, these patients had tuberculous pulmonary lesions 
which were either fairly recent, or in the stage of healing. Febrile 
cachectic and weak patients were thus not tested in this examina- 
tion. 

The healthy people had all requested of their own accord to 
have their lungs examined at the Outpatients, or had been sent to 
the hospital in connection with mass radiography at their place 
of work. The tuberculin positive cases thus consisted of subjectively 
healthy people who had no symptoms of tuberculous or rheu- 
matic disease. 
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Age and sex distribution of the cases examined is given in th: 


table: 
Age-groups Total |Average | Stand: rd 
age deviat ‘on 
15 — 19/20 — 29/30 —39|40—49/50 — 59] 60— 6 
Tuberculous 
patients 
ee 1 17 15 16 9 _ 58 37.1 10.1 
women .. 9 32 21 8 2 72 40.0 10.1 
Healthy 
people 
eee 1 18 12 10 9 1 51 36.5 aE: 
women .. 4 24 25 18 8 — 79 34.5 10. 
Rheumatoid 
arthritics 
men ....| — 4 11 16 8 1 40 42.0 9.2 
women .. 3 9 26 30 14 3 85 40.1 10.4 


More women than men were examined in all groups, the ratio 


being: 
Men : Women 
Tuberculous patients ........ 0.81: 1 
Healthy people .............. 0.65 : 1 
Rheumatoid arthritics ........ 0.47: 1 


All the rheumatic patients in the sanatorium were examined, 
except those who, from the history or clinically, had tuberculo- 
sis. As the material in the remaining groups was selected arbi- 
trarily the ratio between men and women was not the same in all 
the groups; this should not, however, affect the results of the 
examinations (Page 69). 

The age distribution in the various groups showed a majority 
of healthy people of the ages 20 to 40, whereas in the other groups 
the majority were between 30 and 50 years of age. 


The average age and its distribution is shown in the table: 


Number Average 
of cases age 
| Tuberculous patients .......... 130 | 38.7 10.3 
| Healthy people .............. 130 35.5 10.9 
| Rheumatoid arthritics ........ 125 40.7 10.1 
Technique 


All 385 people were subjected to the following examinations: 


Tuberculin tests 


Mantoux injections corresponding to 0.01 mg., 0.001 mg. and 
0.0001 mg. old tuberculin (Behringwerke) were g ven in the skin of 
the back, between the shoulder blades (0.1 cc. of solutions 1: 10,000, 
1:100,000, and 1:1,000,000) according to the technique described 
previously. The reactions were read after 72 hours, in the day-light. 
The greatest diameter of the infiltration and a diameter perpendi- 
cular to it were measured. The reaction flush was estimated accord- 
ing to Tallqvist’s haemoglobin colour-scale. 


X-ray examination of the lungs 


The tuberculous patients in hospital and under ambulatory 
control were all carefully examined by X-rays. 

Radiographs of the size of 24 mm. x 24 mm. were taken of all 
the healthy people. 

The X-ray control of the rheumatic patients afforded some 
difficulties which were solved by OY Yleisréntgen AB taking the 
pictures of the lungs, in size 24 mm. x 24 mm. 


Sedimentation rate (BSR) 


The sedimentation rate of the blood was tested by Westergren’s 
technique which is commonly used in the Finnish hospitals. The 
results were read after 1 hour. 
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Antistreptolysin titre (AST) 


By means of venous puncture 5 cc. of blood was taken and 
examined at the Sero-Bacteriological Institute of the Universit, 
of Helsingfors according to their routine method (OkER-BLom 
1947). 

At the laboratory AST values up to 200 are considered borde: 
values between normal and pathological reactions, the technica 
error being + 29 per cent (OkER-BLom 1949). 


Pharyngeal test 


A pharyngeal sample was taken with a sterile swab at th: 
same time as BSR and AST were performed. The bacteriologica! 
examination for haemolytic streptococci was also done at the 
Bacteriological Institute. The swabs were kept in cardboard cap- 
sules which were taken to the laboratory not later than after 12 
hours, so as to avoid drying and possible negative results (RANTA- 
SALo 1945). 


The past history was recorded, particular note being taken of 
hereditary tuberculosis and tuberculous milieu, cured tubercul- 
ous or rheumatic diseases. In the case of the rheumatoids, possible 
infections before the rheumatic manifestations were inquired into, 
and all the patients were questioned regarding recent infectious 
diseases. 

In addition to routine examination, special attention was paid 
to the correlation of tonsils and the teeth. The state of the joints 
of the rheumatic patients was recorded. 


The Mantoux reaction in rheumatoid arthritics 
compared with that in tuberculous patients and healthy 
people 


The mean of the surfaces of the tuberculin reactions and their 
mean errors in the different dilutions used, in tuberculous, healthy 
people, and rheumatic patients are given in the table: 
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| Tuberculous patients 
| Healthy’ people 


| Rheumatoid arthritics 


men 
women 


men 
women 


men 
women 


Mantoux Mantoux Mantoux 

0.01 mg. 0.001 mg. 0.0001 mg. 

m+é sq.mm. m+é sq.mm. m+é sq.mm. 
235.0+.11.9 72.5+ 9.9 25.8+ 5.8 
251.9+ 8.5 73.0+ 6.7 27.3+.4.0 
206.1+ 11.9 69.5+- 10.0 26.6 +. 4.8 
167.1+ 10.3 66.1-+ 8.6 24.8+4.6 
129.9+ 13.1 18.9+ 3.2 2.8 + 0.6 
ewe 100.0+ 13.6 11.5+ 2.1 2.0+0.5 


(m = mean, € = mean error) 


Considering the mean errors, there is, in the healthy group 


only, tested with the strongest solution, a sex difference »very 
probable» (P = 0.01). In the rheumatic group, in the second dilu- 
tion, there is the difference »probable» (P = 0.05) between the 


tuberculin reactions in men and women. There is no statistical 
difference in any of the other groups and as the difference in the 


groups mentioned is not »statistically significant» (P < 0.001), 
men and women may be regarded as the same in all the groups. 


Tuberculous 


patients 


Healthy people 


Rheumatoid 


arthritics 


Mantoux 
0.01 mg. 0.001 mg. 0.0001 mg. 
sq.mm.| 4 +e sq.mm.| sq.mm.| ¢ 
244.2+ 7.1 81.8 72.845.8 |65.7]| 26.6+3.4 |38.8 
182.4+ 8.0 91.2 67.54+6.5 | 74.2) 25.54+3.3 | 37.6 
109.6+10.2 | 113.7 13.941.8 | 20.1 2.2+0.4 4.7 


The mean of the tuberculin reactions was compared between 


tuberculous, healthy and rheumatic people for each tuberculin 
dilution. In the tables above, values for ¢ and P (— the possibility 
that the difference may be accidental) are given, except in two cases 


70 


The difference between the groups is shown below: 
Mantoux 0.01 mg. Mantoux 0.001 mg. || Mantoux 0.0001 mg 
mi Difference m+ | nifference ms © | pifter 
sq.mm. sq.mm. sq.mm. 
Tuberculous 244.24 7.1 72.8+5.8 26.6+ 3.4 
patients D=61.8+. 10.7 5.3+8.7! 1.1 
t= 5.78 
P< 0.001 
Healthy people} 182.4+. 8.0 67.54. 6.5 25.5 +. 3.3 
D=72.8+- 12.9 53.6 + 6.7 
t= 5.64 t=7.95 t= 7.00 
P< 0.001 P<0.001 P<O.( 
Rheumatoid 109.6+ 10.2 13.9+-1.8 2.2+0.4 
arthritics 


No statistical difference is designated ', the difference D, the coefficient 
from the (-table and the probability P. 


in which it is evident that no statistical difference is present. It is 
clearly seen that the tuberculin sensitivity in tuberculous and healthy 
people is stronger than in patients with rheumatoid arthritis. More- 
over, the reaction of the tuberculous to Mantoux 0.01 mg. is 
greater than that of healthy people. 

In order to establish the representability of the material, a 
comparison may be made between the tuberculin sensitivity in 
the tuberculous patients in the first section and in the present 
section. The question thus concerns different test people in the 
two series, different technique of reading and, naturally, the 
clinical material is not homogeneous. However, the difference 
between the tuberculin sensitivity in the two groups is not great. 


N Mantoux Mantoux 
0. of cases 0.01 mg. 0.001 mg. Read (hours) 
Tuberculous I.. 126 213.9 87.4 72 
Tuberculous II .. 130 244.2 72.8 72 


Studying the tables it is now seen that the tuberculin reactions 
are greater, as expected, in tuberculous patients than in healthy 
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people. This is however true only in the case of the stronger tuber- 
culin dilution being used. In the other dilutions the tuberculin 
sensitivity is, as mentioned, the same. The figures which show the 
tuberculin sensitivity in the rheumatoids is, conversely, much lower 
than in the other groups. In these 125 patients with rheumatoid 
arthritis the capacity to react to intracutaneous injections of tuber- 
‘ulin in dilutions 1:10,000, 1: 100,000 and 1:1,000,000 was thus 
on an average weaker than in healthy people and in the tuber- 
culous patients. The reaction capacity, with regard to the weaker 
Mantoux dilution, was practically nil, similarly in the table below 
in which the number of very slight reactions in the different groups 
are given separately. An arbitrary figure, 40 sq.mm., has been taken 
for the border value. Reactions comprising 40 sq.mm. and larger 
are thus included in one group, the smaller reactions in another 
group. This size of reaction, with a diameter of about 6—7 mm., 
can be measured with fair accuracy, and it corresponds almost 
to what is clinically considered a positive tuberculin reaction 
(for diagnosis in children, WALLGREN’s (1930) 10 mm. x 10 mm. 
flush and infiltration is used). In the following table ihe patients 
are grouped on the basis of weak tuberculin reactions: 


Mantoux Mantoux Mantoux 
0.01 mg. 0.001 mg. 0.0001 mg. 


©q.mm. sq.mm. sq.mm. 
<40|>40|< 40 |>40| <40 | >40 


Tuberculous patients.. 130 1 129 56 74 106 24 
Healthy people...... 130 10 120 58 72 107 23 


Rheumatoid arthritics 125 40 85 | 112 13 125 — 


It is observed that the group of rheumatoids shows a very 
much greater number of small tuberculin reactions than the other 
test groups. By subdividing the series further the same relation is 
obtained. 

Grouping of the patients on the basis of their tuberculin 
reactions is seen on the following page. 


72 


Man- | 0—39 400— 
toux |sq.mm. | sq-mm | sq.mm. | sq-mm. |sq.mm.| 
0.01 10 43 55 20 2 130 
Tuberculous | 0.001 58 62 5 5 _ 130 
patients 0.0001 | 107 20 3 _ — 130 
0.01 1 16 79 28 6 130 
Healthy 0.001 56 63 10 1 -— 130 | 
people 0.0001 | 106 21 2 1 os 130 | 
0.01 41 46 33 5 — 125 | 
Rheumatoid | 0.001 | 112 13 _ ~ ms 125 | 
arthritics 0.0001 | 125 125 | 


The sensitivity to 0.01, 0.001 and 0.0001 mg. Mantouz tests was 
weakest in the group of 125 patients with rheumatoid arthritis, as 
compared with the groups of 130 healthy people and 130 tuberculous 
patients. The reactions were specially weak with 0.001 and 0.0001 mg. 
in the rheumatoid arthritics. 

A correlation was observed between the Mantoux infiltration 
and erythema in the tuberculous patients; in the healthy people the 
correlation was probable; in the rheumatoids there was no correlation. 


The relation of secondary infections to the tuberculin 
sensitivity 


As almost two-thirds of the cases examined consist of patients 
treated in hospital, and as secondary infections contracted in the 
hospitals are not uncommon, the author has endeavoured to 
clarify, in the following, whether trivial, secondary infections may 
possibly influence the tuberculin sensitivity in the different groups, 
as maintained by Lanporr (1938), MicHatLov and LEMBERSKIJ 
(1939), KorNIGSBERGER (1940) and others quoted by ANZALONE 
and PaGano. 

In addition to examinations of the pharynx and the lungs 
BSR, AST and haemolytic streptococci were examined, as men- 
tioned. The results in respect of the three last-mentioned examin- 
ations are divided as seen from the following table: 


Haemol. strept. 
mite mee] | 44 [+++ 
Tuberculous pa- 
| eee 130 | 231-19.0 | 33.7+2.4 16 4 6 26 
Healthy people} 130 | 193+10.8 | 10.8+0.9 6 3 1 10 
Rheumatoid 
arthritics ..| 125 | 273+30.2] 29.6+2.1 8 8 


The AST reactions which were greater than 200 (200 not in- 
cluded) were: 


AST > 200 
Tuberculous patients .. 38.3% 
Healthy people ...... 36.1% 


Rheumatoid arthritics.. 48.0% 


The healthy people thus showed normal BSR and AST values. 
A somewhat greater per cent of patients than usual had, however, 
a higher titre than AST 200. The »healthy material» of some Scan- 
dinavian authors has between 4.6 and 26 per cent AST = 200 
(OkER-BLom 1947, LAGERCRANTz 1948 and ScHONE and STEEN 1949). 


The mean of BSR in the tuberculous and the rheumatoid arthri- 
tics was of the same order of value and distinctly increased. All 
this is due to the specific tuberculous and rheumatoid infection, 
respectively, that is evident, but the slightly raised AST mean in 
tuberculous patients also indicates that streptococcal infection is 
present. The occurrence of pathogenic haemolytic streptococci in 
the pharynx of 6 tuberculous patients also points in that direction. 

The postulated occurrence of secondarily infected patients, 
particularly among the tuberculous, is not so great, to be compared 
with each other. This observation is further supported by the fact 
that in all three groups there were, in the objective examination 
of the pharynx, as many (11—13 patients) with follicular tonsillitis, 
tonsillitis, pharyngitis, etc. 

Hence the possible connection between the sensitivity of in- 
fection of the pharynx and tuberculin should be studied separately 
for each group. 


A. The Mantoux reaction in relation 
to AST and BSR 


a. In relation to AST 


Tuberculous patients 


1) Mantoux AST = 100 AST 101--199 AST 200—399 AST > 400 
0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
Men. 16 233.2 20 299.9 17 263.8 5 191.8 
Women 24 268.0 19 230.8 19 255.2 8 252.4 
40 254.1 39 230.3 36 259.3 13 229.1 
AST = 200 AST > 200 
Cases sq.mm. Cases sq.mm. 
eee 36 231.4 22 247.4 
Women 43 251.5 27 254.4 
79 242.3 49 251.2 
2) Mantoux AST = 100 AST 101—199 AST 200—399 AST > 400 
0.001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm, 
Men...... 16 77.2 20 54.6 17 101.0 5 52.0 
Women 24 87.2 19 67.4 19 67.6 8 52.8 
40 83.2 39 60.8 36 83.4 13 52.5 
AST = 200 AST > 200 
Cases sq.mm, Cases sq.mm. 
er 36 64.6 22 89.9 
Women 43 78.4 27 63.2 
79 72.2 49 75.2 
3) Mantoux AST=100 AST 101—199 AST 200—399 AST > 400 
0.0001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.jmm. 
Men...... 16 19.1 20 19.7 17 42.0 5 19.4 
Women 24 36.7 19 22.6 19 22.1 8 18.9 
40 30.0 39 21.1 36 31.5 13 19.1 
AST = 200 AST > 200 
Cases sq.mm. Cases ‘q.mm. 
rer 36 19.8 17 36.9 
Women .. 43 30.5 19 21.1 
79 25.6 36 28.2 
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No statistical difference between the different groups is found, 
as the primary material shows that the mean error of the mean is 
so great that the difference between the groups is non-significant. 


b. In relation to BSR 


The mean for BSR in the 130 tuberculous patients was 33.7 + 
2.35 and in the rheumatoid arthritics 29.6 + 2.08 mm./1 hour. 
Therefore the cases in these two groups are subdivided into cases 
more and less than 25 mm./1 hour. 


1) Mantoux BSR= 25 mm. BSR > 25 mm. Mean of all cases 
0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
ae 32 254.3 28 213.0 60 35.0 
Women... 33 269.1 37 238.0 70 252.7 
65 261.8+-11.1 65 227.2+4-8.8 130 


The difference (261.8 — 227.2) is 34.6 + 14.2 and is »probable». 
The probability is 0.014. 


2) Mantoux BSR = 25 mm. BSR > 25 mm. Mean of all cases 
0.001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
32 33.0 28 60.5 60 72.5 
Women... 33 77.1 37 68.5 70 872.6 
65 80.0+9.9 65 65.0+ 6.2 130 


Difference 15.0+ 11.7. 
Probability 0.2. No statistical difference. 


3) Mantoux BSR= 25 mm. BSR > 25fmm. Mean of all cases 
0.0001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
eee 32 25.0 28 26.7 60 25.8 
Women... 33 41.0 37 14.9 70 26.9 
65 33.0+5.0 65 19.9+4.5 130 26.4 


Difference 13.1--6.7. 
Probability ~~ 0.06. No statistical difference. 


The AST variations do not affect the tuberculin sensitivity, but 
a group of patients with lower values for BSR (border value — 
BSR 25/1 hour) react on an average somewhat more intensively. 
This difference is hardly due to secondary or harmless infections. 
It is probably a result of the tuberculous process itself. 
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2. Healthy people 


a. In relation to AST 
1) Mantouxr AST =100 AST 101—200 AST 201—400 AST > 400 
0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm. 


 erererre 9 216.1 22 206.4 15 199.6 5 206.4 
Women .... 23 = 182.3 29 180.1 25 140.2 2 139.5 


32 =: 1191.8 51 191.4 40 162.5 7 187.3 


The sex difference is not significant and the groups may thus be 
combined. As the number of cases exceeding 400 is small and the 
groups under the normal.figure 200 are equivalent, the results over 
and under the normal value for AST, 200, may be compared. 


AST = 200 AST > 200 
Cases sq.mm. Cases sq.mm. 
31 209.2 20 201.3 
52 181.1 27 140.1 
83 191.6 47 166.2 


The difference (D) 25.4 + 16.0 sq.mm. of the mean is not 
significant, t = 1.59, the probability (P) of the difference being 


accidental is ~ 0.11. 


2) Mantoux AST = 100 AST 101—199 AST 200—399 AST > 400 


0.001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
BEM ccccccee 9 71.6 22 70.5 15 74.0 5 47.8 
Women ..... 23 67.0 29 79.5 25 34.3 2 10.5 

32 68.3 51 75.6 40 61.7 7 37.1 


The difference between groups 2 and 4 is: 


AST 101—199 AST > 400 
m = 75.6 sq.mm. m = 37.1 sq.mm. 
n= 51 n=7 

D = 38.5+17.1 


The probability that the difference is accidental is 0.04. 


However, as a comparison between the smallest and the great- 
est mean is not theoretically correct, the mormal group» AST < 
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200 and a group for high values AST => 400 are compared and the 
following results are obtained: 


AST = 400 (n = 18) 


AST = 200 (n = 83) 
49.8+.9.0 sq.mm. 


72.8+9.2 sq.mm. 
D = 23.04. 15.2 
t=1.51 


The probability of the difference being accidental is 0.1, i.e. no 
statistical difference. Re-grouping into »normal AST» and »increased 


AST» may thus be done: 


AST = 200 AST > 200 

Cases sq.mm. Cases sq.mm. 

31 70.8 20 67.5 

52 74.0 27 51.0 

83 72.8 47 58.0 

The difference 14.8+ 12.2 sq.mm. is not statistically significant. 
P 0.23 
t = 1.21 


AST 101—199 AST 200—399 AST > 400 
Cases sq.mm. Cases sq.mm. Cases sq.mm. 
31.5 15 24.4 5 22.6 
21.4 2 2.0 


22.6 7 16.7 


3) Mantoux AST = 100 
0.0001 mg. Cases sq.mm. 


9 20.3 22 
Women......__ 23 21.5 29 32.0 25 
32 21.2 51 31.8 40 


The difference between AST 200 and AST 400 is: 
AST = 400 (n=18) 


AST = 200 (n=83) 
17.7 + 6.0 


27.7 + 4.2 
The difference 10.0 + 7.3 is not statistically significant. 


AST = 200 AST > 200 
Cases sq.mm. Cases sq.mm. 
31 28.3 20 24.0 
errr 52 27.3 27 20.0 
83 27.7 47 21.7 
D = 6.0 + 6.2 
t = 0.96 


The probability ~ 0.35 is not significant. 
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It is thus observed that the variations in the values obtained for 
the AST titrations in the 130 healthy test-cases have not influenced 
the tuberculin sensitivity, performed with 0.01, 0.001 and 0.0001 
mg. of old tuberculin. 


b. In relation to BSR 


The mean for BSR in the 130 healthy test-persons was 10.8 + 
0.88, therefore the following series is subdivided into groups of 
test-persons with BSR over, under, or equal to 10 mm./1 hour. 


1) Mantoux BSR=10 mm. BSR > 10 mm. Mean of all cases 
0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
41 210.8 10 =187.0 51 206.1 
Women... 46 170.4 33 162.5 79 167.1 
87 189.4+10.1 43 168.2+13.5 130 182.4 


2) Mantoux D = 21.2 + 16.8 and t = 1.26 


0.001 mg. 
41 75.0 10 47.2 51 69.5 
Women... 46 66.0 33 66.3 79 61.4 
87 70.2+8.2 43 61.9+ 10.8 130 67.5 
3) Mantoux D = 8.3 + 13.5 and t = 0.61 
0.0001 mg. 
41 26.9 10 25.5 51 26.6 
Women... 46 22.6 33 28.0 79 24.8 
87 24.6+4.2 43 27.4+5.5 130 25.5 
D = 2.8 + 6.9 


Thus, the variations in the values for the sedimentation rate 
do not either influence the tuberculin sensitivity. 


3. Rheumatoid arthritics 


a. In relation to AST 
1) Mantouz AST<100 AST 101—199 AST 200—399 AST > 400 


0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. (Cases sq.mm. 
re 10 101.8 9 116.9 14 142.0 7 162.3 
Women... 16 84.6 30 111.6 28 99.8 11 91.4 


26 91.2 39 112.8 42 113.9 18 118.9 


AST = 200 AST > 200 
Cases sq.mm. Cases sq.mm. 
19 108.9 21 148.8 
Women .. 46 102.2 39 97.4 
65 104.2 60 115.4 


The difference is not significant. 


AST = 100 AST 101—199 AST 200—399 AST > 400 


2) Mantoux 
0.001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
eae 10 15.5 9 16.1 14 16.9 7 31.3 
Women 16 15.2 30 10.0 28 11.3 11 10.5 
26 15.3 39 11.4 42 13.2 18 18.6 
AST = 200 AST > 200 
Cases sq.mm. Cases sq.mm. 
MOR 6.650:0 19 15.9 21 21.7 
Women .. 46 11.8 39 11.1 
65 13.0 60 14.8 


The difference is not significant. 


3) Mantoux AST = 100 AST 101—199 AST 200—399 AST > 400 
0.0001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. Cases sq.mm. 

eee 10 3.3 9 4.0 14 0.7 7 4.6 
Women .. 16 1.3 30 3.4 28 0.9 11 1.9 
26 2.0 39 3.5 42 0.8 18 2.9 

AST = 200 AST > 200 

Cases sq.mm. Cases sq.mm. 
19 3.6 21 2.0 
Women .. 46 2.6 39 1.2 


65 2.9+0.8 60 1.5+0.6 


D= 1.44 1.0 
t= 1.4 
P > 


The difference is not significant. 
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b. In relation to BSR 


1) Mantoux BSR = 25 mm. BSR > 25 mm. Mean of all cases 
0.01 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
20 145.4 20 114.3 40 129.9 
Women ... 48 103.3 37 95.8 85 100.0 
68 115.7+10.2 57 102.3+12.6 125 109.6 


The difference 13.4 + 16.6 is not significant. 


2) Mantoux BSR = 25 mm. BSR > 25 mm. Mean of all cases 
0.001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
(Peer 20 20.9 20 16.9 40 18.9 
Women... 48 13.9 37 8.3 85 11.3 
68 16.0+2.7 57 11.3+2.2 125 13.9 
The difference 4.7 + 3.5 is not significant. 
3) Mantoux BSR= 25 mm. BSR > 25 mm. Mean of all cases 
0.0001 mg. Cases sq.mm. Cases sq.mm. Cases sq.mm. 
20 4.6 20 1.0 40 2.8 
Women 48 2.3 37 1.5 85 2.0 
68 3.0+0.8 57 1.3+0.6 125 2.2 
D = 1.7 + 0.8 
t = 1.75 
P > 0.05 


The difference is not significant. 


The shifts in the AST and BSR values in the series of tuberculous 
patients, healthy people, and rheumatoid arthritics do not affect the 


tuberculin sensitivity. 


B. The Mantoux reaction in relation; to bacteriological 
findings and clinical symptoms 


A swab which was taken from each of the patients, was 
examined bacteriologically with respect to £-haemolytic strepto- 


cocci. 


In addition the pharynx was inspected and the con- 


dition of the teeth observed. The lungs were auscultated with a 
view to finding acute or subchronic bronchitis. The glands of the 
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neck and the sub-mandibular glands were palpated. The incidence 
of infections is tabulated below: 


Haemolytic streptococci 


in pharynx BSR AST 
Group examined a ++ +++ Total Mean 
Tuberculous patients 16 4 6 26 36.4 298.8 
Healthy people .... 6 3 1 10 10.0 219.5 
Rheumatoid arthritics 8 8 25.3 282.5 
44 


Patients with clinical symptoms of pharyngeal and upper res- 
piratory passage infections: 


No. of Of these with BSR AST 

patients haemol. streptococci Mean 
Tuberculous patients .. 11 4 23.4 300.5 
Healthy people ...... 11 1 18.5 265.5 
Rheumatoid arthritics.. 13 1 31.6 235.8 


a. B-haemolytic streptococci in the pharynx 


Tuberculous patients: 


Pharyngeal findings: f-streptococci Pharyngeal findings: 0 
n = 26 n= 104 


1) Mantouz 0.01 mg. 


m = 218.4 + 16.3 sq.mm. m = 251.0 + 8.0 sq.mm. 
D = 32.6 + 18.1 
P = 0.07 
2) Mantouzx 0.001 mg. 
m = 46.7 + 8.5 sq.mm. m = 79.0 + 6.9 sq.mm. 
D = 32.3 + 11.0 
P = 0.004 
3) Mantouzx 0.0001 mg. 
m = 14.8 + 9.1 sq.mm. m = 29.2 + 4.2 sq.mm. 
D = 14.4 + 10.0 
P = 0.15 


No statistically significant d‘fference was thus observed between 
the two groups. 
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Healthy people: 


Pharyngeal findings: {-streptococci 
n= 10 


1) Mantouz 0.01 mg. 
m = 214.3 + 38.5 sq.mm. 


2) Mantouz 0.001 mg. 
m = 89.9 + 30.8 sq.mm. 


D = 24.3 + 31.5 
3) Mantouz 0.0001 mg. 
m = 36.6 + 13.7 sq.mm. 
D = 12.0 + 14.1 


No statistically significant difference 
tween the two groups. 


Rheumatoid arthritics: 
Pharyngeal findings: £-streptococci 
n= 8 
1) Mantoux 0.01 mg. 
m = 99.9 + 26.4 sq.mm. 
D = 10.3 + 27.8 


2) Mantoux 0.001 mg. 
m = 8.8 + 2.0 sq.mm. 


D = 5.5 + 2.8 
P = 0.05 
3) Mantouz 0.0001 mg. 
m = 3.5 + 1.7 sq.mm. 
D= 1.4424 


Pharyngeal findings: 0 
n = 120 


m = 179.7 + 8.2 sq.mm. 


65.6 + 6.5 sq.mm. 


| 
Il 


24.6 + 3.4 sq.mm. 


was thus observed be- 


Pharyngeal findings: 0 
n= 117 


m = 110.2 + 8.6 sq.mm. 


m = 14.2 + 1.9 sq.mm. 


- 2.1 + 1.7 sq.mm. 


It is thus shown that the pharyngeal infection in healthy 
people does not influence the tuberculin sensitivity. In the tuber- 
culous as well as in the rheumatoid arthritics the tuberculin allergy 


= 
1 
2 
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in the non-infected seems to be somewhat lower with 0.001 mg. 
Mantoux. In the tuberculous the difference in this test was 
every probable» and in the rheumatoid arthritics »probable». 


b. Clinical symptoms 


The diagnoses in these cases were: acute tonsillitis, chronic 
pharyngitis, follicular tonsillitis and acute or subchronic bron- 
chitis. 


Tuberculous patients: 


Clinical symptoms No symptoms 
n= 11 n= 119 


1) Mantoux 0.01 mg. 
m = 238.6 + 16.9 sq.mm. m = 245.1 + 7.8 sq.mm. 


2) Mantoux 0.001 mg. 
m = 51.8 +- 12.4 sq.mm. m = 74.4 -+ 6.3 sq.mm. 


D = 22.6 + 13.9 
P> 


3)-Mantoux 0.0001 mg. 
m = 16.4 + 5.1 sq.mm. m = 27.3 + 3.6 sq.mm. 


D = 10.9 + 6.2 
P = 0.08 


No statistically significant difference was thus found between 
the two groups. 


Healthy people: 
Clinical symptoms No symptoms 


n= i1 n= 119 


1) Mantoux 0:01 mg. 
m = 213.3 + 27.1 sq.mm. m = 179.5 + 8.6 sq.mm. 
D = 33.8 + 23.7 


D = 6.5 + 18.6 
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2) Mantoux 0.001 mg: 
m = 95.9 + 23.8 sq.mm. 


3) Mantoux 0.0001 mg. 
m = 36.4 + 11.7 sq.mm. 


3 
a 
= 
oo 


6.8 sq.mm. 


m = 24.5 + 3.5 sq.mm. 


D = 11.9 + 12.2 


No statistically significant difference was thus found between 


the two groups. 


Rheumatoid arthritics: 


Clinical symptoms 
n= 13 


1) Mantoux 0.01 mg. 
m = 151.1 + 32.4 sq.mm. 


2) Mantoux 0.001 mg. 
m = 10.4 + 5.3 sq.mm. 


3) Mantoux 0.0001 mg. 
m = 3.5 + 1.6 sq.mm. 


No symptoms 
n = 112 


m =. 104.7 + 8.3 sq.mm. 


D = 46.4 + 33.5 


14.3 + 1.9 sq.mm. 


5 


D = 4.3 + 5.8 


m = 2.1 +:0.5 sq.mm. 
D = 1.5 + 1.7 


Findings of B-haemolytic streptococci in the pharynx, and clinical 
symptoms of secondary, harmless infections in the tonsils, pharynx 
and upper respiratory passage do not seem to affect the tuberculin sen- 
sitivity (no statistically significant difference) in these series of tuber- 
culous patients, healthy people and rheumatoid arthritics. 
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Discussion 
I 


A number of factors co-operate in the origination of tuberculin 
reactions, as seen from the very extensive literature on tuberculin. 

That the organism has been exposed to tuberculous infection 
is quite naturally the basal requirement. During an incubation 
time of on an average 4 to 6 weeks an antigenic-antibody system 
develops which causes a positive reaction to the tuberculin test. 
A local reaction occurs when the tuberculin comes into touch 
with the mucous membrane (ophthalmu or conjunctival reaction, 
and urethral reaction), subcutis (Kocu) or skin. 

The cellular tissue is the site of the visible, palpable, and histol- 
ogical reaction. The importance of the reticulo-endothelial system 
has previously been shown experimentally (Page 15). That the 
lymphatic vascular system co-operates in the development or the 
reaction is evident. The possible action of the blood capillary 
system is pointed out in this work. A close capillary system causes 
an accelerated transportation of blood from the skin, resulting in 
a weak tuberculin reaction. This is shown by the experiments 
reported in the literature. Circulatory stasis has been induced 
which causes stagnation of the capillary blood. No transportation 
takes place and the reaction becomes stronger. In analogy with 
this viewpoint, increased rate of circulation causes weaker reactions. 

Some authors consider that hormonal and constitutional factors, 
in particular the autonomic nervous system, affect the mechanism 
that regulates the tuberculin reaction. 

The author’s results shed light on the importance of the skin 
—in particular depth and capillary density — for tuberculin 
sensitivity. 


It has been found 

— that Mantoux injections (0.01 mg.) in anatomically iden- 
tical parts of the skin give reactions of the same strength; 

— that the difference in the reactions (with 0.01 and 0.001 mg. 
Mantoux) is small when the injections are given in parts of the skin 
with slight anatomical differences; 

— that the difference in the reactions is great if the injections 
are given in parts of the skin with great anatomical differences; 

— that the difference is variable in children, and no definite 
tendency is observed. 


II 


The tuberculin allergy is changed in certain non-tuberculous 
conditions, which is briefly reported. The case is similar in rheuma- 
toid affections. 

The literature on tuberculin sensitivity in rheumatic fever and 
rheumatoid arthritic conditions is not homogeneous. Similarly as 
ROSENBERG, the great majority of authors have observed strong 
tuberculin allergy, not only in rheumatic fever, but also in rheuma- 
toid arthritis. 

YLpp6 seems to be the only author who maintains that children 
with chronic polyarthritis have a specific immuno-biologic status. 
He has found children with evident tuberculous infection 
who, during a lengthy control period, have stubbornly remained 
negative to tuberculin. and Yuppé (1925), obtained 
more than 60 per cent positive Pirquet tests in children with 
rheumatic fever, and only 14 per cent in those with rheumatoid 
arthritis. 

For the purpose of revealing the actual conditions in this 
respect the author studied the tuberculin sensitivity in 130 patients 
with rheumatoid arthritis. Tests with 0.01, 0.001, and 0.0001 mg. 
Mantoux were made, and the following results were obtained: 

— in rheumatoids the reactions were very weak with all dilu- 
tions, in comparison with healthy people and tuberculous patients; 

— secondary infections in the pharynx and upper respiratory 
passage did not affect the tuberculin allergy. 

The results were distinct and similar. 


Summary 


The author has studied the technical error in the Mantoux 
reaction and has paid attention to the injection technique and 
reading. Double determinations were made with Mantoux 0.01 mg. 
in the skin on the back of 82 tuberculous patients, and the mean error 
15 per cent was obtained. Different methods of measuring were 
tested (Petranyi’s modification, and the usual perpendicular measur- 
ing) and it was found that the method generally used was quite 
reliable. The results were further checked by planimeter determin- 
ations. 

The relation of the part of the skin to the tuberculin sensitivity 
was studied, and the following observations were made: 

1. Mantoux tests in identical parts of the skin gave reactions 
of the same size (82 patients). 

2. If the anatomical difference was small (forearm, volar and 
dorsal side) a slight difference was found (36 patients). 

3. No difference was observed in reactions in the skin on the 
back or on the arm in children (109 patients). 

4. In adults there was a marked difference (126 patients). 
The reaction in the skin on the back was much stronger than on 
the arm, 

5. Tuberculin injections repeated after 14 days in adult tuber- 
culous patients (41 patients) gave stronger reactions. 

Furthermore, the author has studied the tuberculin sensitivity 
in patients with. rheumatoid arthritis, and has found as follows: 

1. The allergy to 0.01, 0.001 and 0.0001 mg. Mantoux was 
stronger in tuberculous patients (130 patients) than in healthy 
people (130 cases). The weakest reactions were observed in patients 
with rheumatoid arthritis (125 patients). 

2. Harmless, secondary infections in the upper respiratory 
passage did not affect the tuberculin sensitivity. 
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